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ABSTRACT

RADC Reliability Notebook, Volume I, is an updating of the RADC
Reliability Notebook which wae first published in 1958 and which had
been revised several times up until the Fall of 1966. This updating
has resulted in a completely updated (except for Section 8) notebook
in arrangement, format and material as per the contract under which
the effort was conducted. There are twelve chapters comprising,
first, a general discussion, followed by a presentatiun of information
which project managers and project engineers can use to be more ef- v
fective in predicting, measuring and improving system and equipment
reliability. A subject index has been included at the end in order to

provide the user with a guide to locating specific information, ]

This updating was based on a major collection of existing information

with emphasis on reliability in large system developme: as well as in
non-system or off-the-shelf hardware procurement progranms. Empha-

sis has been placed on prediction techniques; test demonstration plans

and analysis of test data; and on the relationship between reliability

and various other factors including engineering disciplines, program

milestones, design reviews and engineering/acceptance tests covered

at length in varicus Air Force documents such as AFSCM/AFLCM

310-1 and the AFSCM 375 series of publications. Of particular signif-

icance is the inclusion of information on Bayesian statistics and the ap- e
plication of this statistical concept to the development of demonstration d.
test plans and the interpretation of test data.

Thec information presented in this updated version of the RADC Reliability
Notebook, together with the references and the guidelines contained in Air
Force program management publications, will provide project engineers
and project managers with a sound basis for implementing reliability ori-
ented effort and program plans and for monitoring to insure that reliabil-
ity objectives will be met.
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CIIAPTER 1

INTRODUCTION
3
: System Reliability has become a key factor in describing tactical/
operational needs and in turn it has become a key characteristic in
evaluating system requirerments and resultant performance. Tactical i
’ requirements have become such that systems are becoming more com- 4
plex. As a result, reliability requirements become more difficult to 2

meet from a rerformance point of view as well as from a dollar and
schedule point of view. In recognition of this it has become ircreasingly
more appatrent that the positive application of reliability engineering
technique= and the monitoring of reliability performance, from iricep-
tion through delivery and follow-up for improvement, can be very ef- E-
fective in helping to ensure that system reliability /performar.ce require-
ments will be met.

As with other performance characteristics, reliability is a quantitative -
element and, as such, it can be specified as a requirement, it can be '..
predicted based on available design information, it can be measured E
through test and performance data, and it can be observed under oper-
ation conditions. Because of its quantitative nature, its predictability
and measurability, reliability can be monitored and influenced at various
stages in the system life cycle. Proper recognition of these features and
the application of resources to them, both from an emphasis and timing
point of view, can significantly influence the potential for meeting reli-
ability requirements within cost and schedule.

Use of these features and the application of resources oriented toward
monitoring, contrcliing, and influencing reliability must be integrated with
various other activities required as part of a system development or equip-
ment precuitement program. While reliability is strongly influenced bty
individual designers, the responsibility for the direction and emphasis, for
developing assurances, and planning and devoting resources required to
effectively monitor and influence reliability rests with system project offi-
cers, reliability managers, anl those who are respoasible for directing sys-
tem and equipment reliability programs. The amount of information and
knowledge required to make sound decisions in fulfilling these responsibilities
is vast and covers a wide range. This range includes administrative oriented
techniques, information and requirements for making evaluations, implement- ;
ing activities and receiving information as well as technically oriented inform-

ation necessary for making decisions covering requirements, predictions and

tests,
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This handbook provides information in the administrative areas as

well as in the technical area pertinent to guiding its users toward reli-
ability planning and making the reliability-oriented evaluations and de-
cisions which will provide a greater degree of assurance that reliability
requirements will be met. It is designed to aid management in reaching
decisions concerning reliability aspects of a program throughout the
system development cycle or equipment procurcment cycle. It outlines
techniques and practices as well as Air Force requirements in such a way
as to provide guidelines which can be used for making decisions concern-
ing the planning and implementing of pertinent activities.

The first seven chapters of this Volume 1*.0of the RADC Reliability Note -
book is primarily management or administrative oriented. The information

covers reliability program management, reliability engineering management,
data manapgement, assuring reliability program efiectiveness, and field data.
There is considerable tie-in to Air Force documents (which detail various
system program requirements) in such a way that reliability can become

an integral part of a system prcgram within existing regulations and require-
ments. Although not altogether exhaustive since such a treatment would
become extremely voluminous, the information docs provide the guidance
needed to plan and prepare for these reliability oriented activities, controls,
and data receivables which meet the requirements of the program at hand.

Chapters 8 through 1l are more technically oriented from the point of view
of the application of techniques. The information in tnese latter chapters
covers allocation, prediction, measurement, and improvement. There are
examples which can be used as guides in applying the techniques to specific
problems. Here again, the information is not completely exhaustive and
does not cover extremely complex models. The coverage, however, is suf-
ficient to provide the user with the toois and information needed to apply the
techniques to certain classes of problems, to understand the elements and
parameters of significance, and to develop an understanding of the approaches
which must be undertaken in certain instances in order to develop meaningful
results.

The final chapter contains a bibliography which can be used to supplement
the information in this volume and which can be used as a source of more
detailed data with respect to each of the topics contained in the Notebook.

# Volume 2 of the RADC Reliability Notebook contains
detailed failure rate data.
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CIHHAPLER 2

RELIABILITY CONCEPTS

RELIABILITY IN SYSTEM DEVELOPMENT

In recent years there has been a continugus demand for more extensive
and sophisticated hardware systems tu meet national defense require-
ments. This demand has been accomp:anied by advancements in analytic
techniques for determining defens< needs and for taking an integrated
systerns approach to meeting defense objectives. Advancements in
these analytic techniques have shown that an integrated systems ap-
proach to hardware development and procure.ment is often required in
order to meet performance goals within specified schedule, finance,

and resource constraints. Without an integrated approach, standardi-
zation objectives may not be met; systems may be designed which re-
quire maintenance and opcrational talents far exceeding those required
to be compatible with other system segments or performance needs;

and interface problems rnight be created which could seriously affect
the capability tc fully utilize system characteristics. The realization
that these and other undesirable effects could be more nearly corrected
through an integrated approach to development and procurement together
with the development of more sophisticated analytic techniques and the
means {or practically applying them has been a key force in motivating
the Department of Defense and the Air Force toward a total systems
approach. As one means of implementing this approach, the Air Force
has developed a series of publications (e.g., the AFSCM 375-series)
designed to provide the Systems Project Office (SPO), systems program
managers and project engineers with guidelines, recommendations and
requirements to help ensure that a systems approach is being taken
during each of the development and life cycle phases and to nelp with

the decision making and information tlow processes. These publications
cover a wide variety of organization, technical, procedural, reporting
and data fiow recommendations and requirements which system managers
and project engineers are expected to follow in order to achieve procure-
ment and pertormance objectives. In certain instances particular disci-
plines requ.re additional emphasis because they are significant in terms
of their impact on system performance. One such discipline is relia-
bility in terms of reliability program and engineering management in-
formation and reliability engineering techniques and the significant
impact these activities can have on system reliability as a performance
characteristic.

In reality, reliability as a performance characteristic has been a key
factor in systems and equipment development and procurement. How-
ever, demands have been oriented toward more complex versatile
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systems and increasingly higher levels of reliability with each new
gencration of weapon or communication system. For example, during
the 1950's an MTBEF of 50 hours was often acceptable for a system of
moderate complexity. By the early 1960's, however, this value had
increased to the order of 100 to 500 hours for systems of equivalent or
even higher complexity. Currently, an MTBF requirement of 1000
hours is not uncommon, and within another decade an increase to

10, 000 hours or higher is conceivable. This demand for increasingly
higher levels of reliability has been taking place while system functional
complexity also has been increasing at a comparable rate. This contin-
uing demand for increased reliability and system complexity has resulted
in increased emphasic on reliability engineering, management, program,
and analytic techniques for meeting these objectives,

One approach to meeting the requirement for increased emphasis on
reliability oriented efforts is to provide guidelines and information
which can be used as a basis for irnplementing organizational structures
of which reliability is an integral part, directing reliability oriented
technical efforts and analyses, and evaluating periodic and final results
to ensure that reliability as well as other important technical, perfor-
mance, and physical characteristics and goals have been met.

This Volume I of the RADC Reliability Notebook has seen developed with
that specific purpose---to provide the System FProject Office (SPO) and
System Program Directors with guidelines which will help ensure that
reliability performance objectives for large scale complex systems will
be met and to provide information which will permit application of the
guidelines to smaller scale programs as well, The basic philosophy of
Volume I is oriented toward application of techniques and effort required
to establish meaningful reliability objectives commensurate with tactical
and performance needs and to meet these objectives within resource,
financial and schedule constraints. The concepts and information pre-
sented are directed toward two basic disciplines, Reliability Assurance
and Reliability Achievement. Reliability assurance includes activities
directed toward establishing appropriate reliability development goals,
monitoring program activities, and evaluating resu.ts to verify that
established goals are reached. Reliability achievement includes applica-
tion of reliability engineering techniques performed for the specific pur-
pose of achieving the required level of reliability.

RELIABILITY ASSURANCE

Reliability assurance, i.e., reliability program functions that are per-
formed for the explicit purpose of assuring that a required level of relia-
bility is achieved, is probably the most important function of the reliability
group of the system program office. Reliability assurance involves a
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variety of activities that can be classified under four general functions:
allocation, specification, prediction and demonstration. The various
reliability assurance functions typically occur during different phases
of the system life cycle.

Reliability allocation is the process of establishing reliability require-
ments for various subdivisions of a system based on a previously es-
tablished overall system reliability goal. Overall system reliability
requirements typically are derived from the operational requirements
and constraints of the mission. Once this level has been established,

a number of interrelated factors such as imporiance or criticality,

and complexity of individual functions are weighed against state-of-the-
art limitations and various design constraints to arrive at compatible
and practical levels of reliability for each defined subdivision of the
system,

The second major activity of a reliability assurance program is that of
developing the reliability requirements for the system and detail speci-
fications. The general System Specification which contains the technical
requirements for the system as an entity, is usually prepared by the pro-
curement organization, and provides the basic technical requirements
governing the contract definition activities. The System Specification
contains reliability requirements that must be stated in quantitative
terms. The preliminary reliability allocation activities provide the
principle input to the development of the system reliability requirements.
In fact, a reliability apportionment model supporting the allocation of
reliability values assigned to system segments is recommenued as a

part of the reliability requircments paragraph of the System Sypecification.

The general reliability requirements of the System Specification are sub-
sequently refined and expanded during the preparation of the Detail Speci-

fication. These specifications include requirements peculiar to the design,

development, test, and qualification of individual contract end items, and
includes specific reliability requirements stated in appropriate quantita-
tive terms.

One major reliability oriented activity during system development is
that of assuring, with an acceptable level of confidence, that the speci-
fied reliability requirements are being met before the design has pro-
gressed to the point that changes are impractical. This portion of the
reliability program involves application of techniques of reliability pre-
diction, i.e., estimating the probable level of reliability that will be
achieved based on characteristics of the system design.

The results of a reliability prediction provide quantitative information

concerning the probable level of achieved reliability, help to identify
weak or problem areas in the design, and provide a quantitative
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evaluation of proposed design changes. Another important use of relia-
bility prediction is in performing reliability analyses for use in design
reviews.

Once a design is accepted, and as end items are produced, the achieved
level of reliability is demonstrated as a part of the acceptance tests.

The objective of reliability demonstration is to obtain quantitative empir-
ical evidence that the hardware is in compliance with specified reliability
requirements. The demonstrations are conducted in accordance with an
approved test plan which includes a statistically designed procedure
specifying test duration, test conditions, sample size and acceptance
criteria,

RELIABILITY ACHIEVEMENT TECHNIQUES

Reliability achievement includes reliability engineering and improve-
ment activities that are performed throughout the system life cycle,
and which influence system design. Several distinctive techniques or
engineering methodologies include derating, redundancy, simulation,
and data feedback and analysis.

Part derating is a design technique used to reduce the probability of
failure of parts in a particular design. Through this technique, a
safety factor is established by selecting parts capable of withstanding
stresses in excess of those likely to be encountered during operation.
Thus, failures that result from normal variations in operational
stresses can be significantly reduced.

Redundancy is the technique of providing alternate devices or methods
for performing a given function when the primary device or method has
failed. In some cases a comrplete standby system is duplicated, while
in other cases redundancy can be appliea to equipments, units, or even
individual parts. Judicious application of redundancy can result in very
significant improvement in system reliability. However, size, weight
and cost restrictions often necessitate careful trade-off analyses in
optimizing the design approach.

e

Fe

Simulation, or artificially approximating functional characteristice,

is a valuable tocl which has direct application in reliability engineering.
Two basic types of simulation are commonly used in system develop-
ment. Computer simulation of system functions provides a method for
"exercising'' a design beforehardware items are produced. A mathe-
matical model, generated to describe all functions and interface re-
lationships of the system, is programmed for solution by analog or
digital computer. Appropriate variation of input data during solution
provides dynamic evaluations of the system design. Such simulation
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can be used to e¢valuate design reliability in terms of changing opera-
tional demands and intermsof total systemn configuration before ex-
pensive hardware items are produced.

A sccond type of simulation is that of exercising hardware models of
system components under simulated operational conditions. A range
of environmental condilions and uperational stresses are artificially
produced in a carefully controlled manner. Such simulation permits
empirical reliability data to be generated under precisely known con-
ditionis and stresses. The data thus generated can be used as the basis
for determining the source of reliability problem areas and for de-
veloping appropriate correctiv~ measures.

Reliable systems are the result of mature designs reflecting experience
gained during success.ve redesign and test cycles, and during the opera-
tional phases of previcusly developed systems. In order tc take {ull
advantage of such experience, it is essential that all pertinent historical
data be available to the design engineer. Therefore, an important
activity of reliability achievement is the acquisition of test and opera-
tional data, the analysis of these data to extract pertinent reliability
information, and the presentation of such information to design engi-
neering groups in a useful form. As a result of the need for effective
data feedback and analysis procedures to support reliability irnprove-
ment programs, efficient and uniform data collection and analysis pro-

cedures have been developed and are available to the reliability engineer,

These procedures are proving to be one of the basic tools of reliability
improvement activities.

RELIABILITY MANAGEMENT AND ENGINEERING

There are two general types of effort which make use of reliability
assurance and achievement disciplines. These are reliability program
management effort and reliability engineering effort. The management
effort is oriented toward establishing responsibilities, plannirg, and
creating organizational relationships and toward determining basic ap-
proaches for implementing pertinent organizational and engineering
activity which can be effective in monitoring reliability performance,
encouraging application of reliability engineering techniques, and eval-
uating results. The reliability engineering effort is oriented toward
application of specific reliability engineering techniques, approaches
and data under various design, chedule and development conditions.

Thus management effort is very directly related to assurance activi-
ties and engineering effort is direcily related to achievement activities
though there is some overlapping which may vary from phase to phase,
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Considering lead times, degree of cocrdination required in the develop-
ment of complex systems, and the increasing importance of reliability

as a major objective of system design, it is essential that reliability
efforts be integrated into the overall system development program dur-
ing all phases of the system life cycle. Specific activities that are
cffective in ensuring that appropriate reliability goals are established

and met vary from phase to phase. Program management effort that -
is effective in assuring reliability during early phases is quite different
from the kind of effort that may be required in later phases. Relia-

bility engineering techniques that are most appropriate also depend on

the particular life cycle phase. Theretore an effective reliability pro-
gram should include provisions for an appropriate organizatien and the
coordination of activities to provide a continuous program that progresses
from phase to phase as a part of the overall system development program.

The techniques and guidelines presented in this notebook are related,
where possible and appropriate, to life cycle phases of system develop-
ment.

5. RELIABILITY PROGRAM ACTIVITIES

Ultimate responsibility in system reliability rests with the System Pro-
gram Director, who has the responsibkility to see that the reliability
program requirements, organizational elements, and resources have
been appropriately established and to ensure that effective reliability
assurance and achievement activities are performed and verified at each
significant program milestone.

Typical reliability management and reliability engineering assurance

and achievement activities during the Conceptual, Definition, Acquisition
and Operational phases of a system life cycle are summarized below,
These are discussed in more detail in subsequent chapters of this note-
beok,

5.1 Reliability Program Activities During the Conceptual Phase

The conceptual phase is tr . earliest defined phase of the system
life cycle, During this phase, when system concepts are being es-
tablished, the role of the reliability program is not always clearly
defined. The important activities revolve around interpreting sys-
tem operational objectives in terms of reliability requirements,
and performing initial allocation analysis to define reliability goals
for individual subsystems.

The objective of the reliability program effort during the concep-
tual phase is to asswure that appropriate and realistic system and
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subsystem reliability requirements are incorporated in the
Preliminary Tcechnical Development Plan (PTDP) which is the
basic document governing the Definition Phasc activities.

5.2 Reliability Prograr: Activities During the Definition Phase

The Definition Phase of the systen: life cycle is devoted to

\ translating system functional requirementc generated during the

i conceptual phase into detailed system and systemn element require-
- ments that 'will govern subsequent acquisition efiorts. During this
phase, the reliability program includes both assurance and achieve-
ment activities, Reliability assurance activities include refinement
of system retiability allocations to provide meaningful reliability
requirements for the initial system specification, and review and
evaluation of competing contractor's proposals to assure that the
reliability recuirements will be met. Reliability achievement or
engincering activities during this phase include modeling, predic-

t tions and trace-off study analyses in expanding system specifications,
and developirg basic design approaches to be included in Acquisition
Phase propo:als.

il dheal Bl
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5.3 Reliability Program Activities During the Acquisition Phase

The Acquisiton Phase is devoted to development, production, and
government acceptance of items on contract. During this phase,

a variety of : cliability assurance and achievement activities are
performed. Some of the more important reliability achievement
activities during the acquisition phase include consideration of
reliability objectives and constraints in performing design trade-off
analyses, ensuring application of effective reliability engineering
principles in the design, (selection of reliable parts, derated part
applications, redundant configurations and other reliability design/
engineering techniques) and implementing design changes where
necessary to improve reliability. These activities are supplemented
by reliability assurance functions such as imposing reliability re-
quirements on subcontractors and vendors, and developing and im-
plement.ng reliability evaluation and test programs to assess the
reliability of the final product.

5.4 Reliability Program Activities During the Operational Phase

The Operational Phase begins when the first contract end item is
accepted and turned over to the user, and continues unti! disposition
of the system. The reliability program during this phase includes
reliability achievement activities such as engineering analyses and
development of reliability improvement inc difi ations. Other key
reliability activities during the Operational Phase include collection
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and analysis of field failure data, including data {rom reliability
demonstrations perforined during oper:.tion testing, and assuring
that modifications introduced for reasons other than reliability do
not degrade system reliability.

RELIABILITY PROGRAM INFDORMATION

The preceding discussion serves as an introduction to the need for

and major objective of the reliability program during the system de-
velopment cycle, and has identified certain fundamental reliability
achievement and assurance activities. This chapter has been pre-
sented to establish a point of reference and departure for the balance

of the handbook which contains detailed discussion of the various re-
liability concepts and program activities identified herein. A more
comprehensive overview of the total reliability program can be obtained

by reviewing the introductory paragraphs of each of the succeeding
chapters.

Additional general information concerning various aspects of reli-
ability programs can be found in current literature such as the military
documents listed below. Additional references on specific subjects are
presented at the end of each chapter where appropriate, and a complete
bibliography is presented in Chapter 12.

Reliabilily Management Handbook, Arinc Research Inc. Report
No. TOR-269 (4303)-9, 14 February 1964. (DDC No. AD 463303
and AD 463304). This repeort describes the reliability program
management activities of the SIPO as related to the Space Systems
Division, AFSC; and responds to the requirements of MIL-R-
27542A(USAF}, '""Reliability Program Requirements for Systems,
Subsystems and Equipments,' It does not contain discussions of
reliability engineering techniques and procedures,

Handbook of Reliability Engineering. NAVWEPS 00-65-502,

1 June 1964. This handbook presents reliability methods for
applicaticn by project management and engineering personnel
within the Bureau of Naval Weapons. This handbook is primarily
concerned with engineering practices and methods, however, and
presents management concepts in a cursory manner,

Reliability and Maintainability Program for Material, Combat
Operations Research Group Memorandum CORG-M-181, 1 August
1964, {(DDC No. AD474356). This document presents the results
of a study to define the reliability/maintainability program of the
U.S. Army Combat Development Command, based on interpreta-
tion of AR 705-25 and AR 705-26. This provides interpretatiors
of Department of the Army policy, and should be used with care
in connection with Air Force programs.
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Reliability Design Handbook, NAVSHIPS 94501. This handbook

describes reliability design techniques and procedures and in-
cludes discussions of various aspects of the reliability programs
of the U. S. Navy Ships Systems Command. This handbook pro-
vides a brief discussion of certain management considerations,
but is primarily engineering design oriented. The specifi~ activi-
ties of system life cycle phases are not defined.
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CHAPTER 3

RELIABILITY PROGRAM MANAGEMENT

INTRODUCTION

In view of the critical need for effective system managemnent during
the entire life cycle of the system, the Air Force System Command
has instituted a System Program Management Procedure which is
described in detail in manual AFSCM 375-4, This docuinent provides
direction and guidance for management of a phased program as appli-
cable to the conception, definition, acquisition and operation of large-
scale systems. However, the basic concepts of AFSCM 375-4 are
also applicable to many non-system programs with management re-
quirements similar to those of major system programs Many of the
program lunctions also are applicable to procuremant activities, even
tnough specific life cycle phases may not be dciined.

Throughout the system life cycle, many managerial an¢ *echnical dis-
ciplines are applied to assure a suitable system within constraints of
various parameters such as cost and time. Reliability management
and engineering activities included throughout the system life cycle
are included among the more significant of these disciplines,

Many program functions defined in AFSCM 375-4 require data result-
ing from specific activities of a reliability program. However, with
few ewceptions, these activities are not specifically defined in relation
to reliability program requirements. The objective of this chapter is
to identify specific system program management actions involving or
related to reliability program activities, to briefly describe these
activities and inaicate their relationship to the overall system program
management structure.

OBJECTIVES OF RELIABILITY PROGRAM MANAGEMENT

The final objective of system program management is the timely de-
livery of systems meeting defined operational requirements within the
constraints of available resources. In support of this, the {inal
objective of a reliability program is to assure delivery of systems that
meet specified reliability requirements.

A group of specific cbjectives of reliability program management can
be defined which, if achieved, will help to assure that the final objec-
tive is reached. These specific objectives are:

a. Provide the framework for assuring appropriate consideration nf
reliability requirements in establishing functional and physical

configuration of the system.

3-1




Download_ed from http://www.everyspec.com

b, Insurc an effective reliability program during system definition,
acquisition and operation.

¢. DBalance reliability factors against cther factors such as perform-
ance, time and cost to obtain the required system,

-
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d. Minimize the technical, economical and schedule risks in assur-

ing reliability achievements and verificatina during the development
and production effort.

¢. Control reliability aspects of changes in system requireiments
s during development wnd production. This includes changes per-
formed to achieve a specified level of reliability, as well as those

that are performed for other purposes, but which may impact on
i reliability,

f.  Establish a high probability of success in obtaining a reliable
system in a timely, economical manner,

r g. Document decisions concerning, and impacting on the reliability
i program.

h, ZEstablish a discipline for the reliability elements of a System
Program Office (SPO) to follow so that a closed-loop effort is
maintained between the reliability activities and other associated

2
aciivities such #s maintainability, safety, and human factors; !
and with the functional areas of rrocurement and production, pro- 3
gram control, configuration management, system engineering, {e
test and deployment, and logistics., g
{ %

i, Manage and corntrol the reliability progran efforts of contractors.

Identify significant reliability program functions to be performed

by other organizations such as Air Force Logistic Command _.
3 (AFLC) and usinpg commands participating in systems management, :

ji. Establish requirements for flow of reliakbility and related infor-
mation between responsible organizations.

T T— A
[2

l
t

k. Accomplish or manage the accomplishment of reliabilty program
actions ag identified for the definition, acquisition and operational
nrocesses.,

RELIABILITY PROGRAM MANAGEMENT ACTIVITIES

g s
[ON]
.

Rel:abhility program management activities throughout the system life
cycle are discussed in the following paragraphs., These are presented
as a gencral discussion representing a ''typical' system development
program, ard follow the concepts of the system program management

e Niddoii o ALty
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procedures presented in AFSCM 375-4, Actual reliability program
management activities performed in support of a particular system de-
velopment program could vary somewhat depending on the specific pro-
gram requirements and the type of system involved. However, the
fundamentals presented here are applicable to any program. Key reli-
bility program activities that are applicable even in the case of small-
scale development or procurement programs where identified phases
of a system development program are difficult or impossible to define,
arc emphasized in the respective discussions.

The system life cycle phases, as defined in AFSCM 375-4, and the
fundamental purpose of each of the phases arc as follows:

Conceptual Phase: Develop requirements and concepts for Air
Force systems which will fulfill military defense objectives.

Definition Phlase: Sufficiently define the cost, schedule, and
system elements required to satisfy the requirements developed
during the Conceptual Phase.

Acquisiton Phase: Acquire and test the system elements as defined.

Operational Phase: I’rovide the using command or organization with
the zystem elements and the logistics and engineering support re-
quired to accomplish the mission of the system,

RELIABILITY PROGRAM MANAGEMENT DURING THE CONCEPTUAL
PHASE

Reliability program management activities performed during the Con-
ceptual Phase should be directed toward establishing appropriate and
feasible system reliability objectives or goals. During early stages of
this phase, the foundation is established for specific reliability program
activities that become evident later in the phase. Usually, the first
input identifiabie as specific activities of the reliability program are
those concerned with the quantification of reliability requirements in
preparation for the initiation of the Definition Phase. However, these
require nents are vased on the results of earlier activities during sys-
tem plauning studies or exploratory and advanced development. There-
fore, early Conceptual Phase activities are surnmarized here in relation
to their impact on later reliability prograr activities.

4.1 karly Conceptual Phase Activities

The Conceptual Phasc includes activities directed toward identi-
fication and formulation of sy3tem requirements, development of
the system concepi (system planning), and development of new
technology. These three areas of activity progress ccncurrently
toward the Conceptual Transition activities that terminate the Con-
ceptual Phase and initiate the Definition Phase.

3-3
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: The first specific requirements for an identifiable system: are

: formulated by a Using Command and are documented in a Qualita-
tive Operational Requirement {QOR)., This documnent describes

the requircment for an operational capability, describes the

threat environment, and postulates an operational concept, and con-
3 tains much of the mission-oriented information that will be used

3 later in establishing system reliability goals.

The first major involvement of AFSC in system development is
the long-range system planning centered about the AFSC Techno-
logical War Plan (TWP). This plan responds to the QOR, and

L defines environmental, technological, and resource requirements
1 of the proposed system. Therefore, some of the important con-
straints that will be imposed on the reliability development activi-
4 ties are identified in the TWP,

\ : . - .

h Where the need is evident, the TWP initiates Systems Planning

Studies which consider qualitative factors relating to operational
and technical capability, together with the defined operational
requirements factors in more compl-tely defining the require-
ments of the system. Thus, the System Planning Studies provide
information directly related tc subsequent development of system
reliability objectives.

The other area of activity, technological development, includes the
exploratory and advanced development activities that are based on
findings of previous research programs as well as on identified
system requirements. In many cases, advances in reliability
technology are obtained as a direct or indirect result of research,
aud it is essential that such knowledge be included in the relia-
bility aspects of system development activities.

Technological development activities, identifiable as Exploratory
and Advanced Development, are directed toward specific military
problem arecas, and development of advanced technological con-
cepts that are directly applicable to specific systems. Such de-
velopment efforts normally involve investigation and development
of operational or performance concepts, However, it is possible
for a stated level of achieved reliability to be a primary develop-
ment objective. In any case, the results of these development
activities oi the early Conceptual Phase should be given careful
consideratio1 in establishing the reliability goals for the system,
and in developing the approach for meeting these goals. -

4,2 Reliability Program Activities During Conceptual Transition

Following the successful completion of the early system require-
ment, system planning and technological development activities.
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and upon receipt of a Specific Operation Requirement (SOR),
Operational Support Requirement (OSR), or specified Advanced
Development Objective (ADOQO), a series of Conceptual Transition
activities are performed to prcpare for the initiation of the
Definition Phase., Typically, the System Program Office cadure
is established at this time and the first actions clearly identifi-
able as Reliability Program activities are initiated.

A S st T i e L A (e e

The most significant efforts during Conceptual Transition are the
System Engineering activities whereby operational requirements
are translated intc system performance requirements., It is

during this effort that requirements for system effectiveness are
first interpreted in terms of reliability, human performance,

safety and maintainability., The results of the Conceptual Transi-
tion engineering effort provide a significant input to the Preliminary
Technical Development Plan which, together with the Program
Change Proposal (PCP), the Military Construction Prcgram

4 (MCP), and the Secretary of the Air Force's Determinations and
: Findiugs (D&F) forms the Program Requirements Baseline, which
governs the activities of the Definition Phase.

The reliability program management efforts during Conceptual
Transition should be directed toward assuring the accomplishment
of a variety of related activities such as those described below.
(Each of these areas of activity are discussed more thoroughly

in the chapters referenced in parentheses.)

a. Reviewing previous documents to identify all factors pertinent
to the reliability program, and maintaining an updated listing
of all such documentation, (Chapter 4)

b. Quantifying the gross level of reliability which must be met
to satisfy system requirements. (Chapters 4 and 6)

PR S

c. Developing reliability block diagrams reflecting the functional
relationships of the system. (Chapters g, 9, and 11)

RS SRR R AT

d. Identifying system functions of particular importance to the
reliability development effort. This includes functions de-
fining operating periods, cycles, or major mission segments
on which reliability requirements are to be based, and
additional functions defining the constraints affecting relia-
bility achievements. (Chapters 4, 6, 8, and 11)

a Performing basic reliability allocation studies. (Chapter 8)
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il Preparing the reliability program requirements input for the

initial PTDP. This includes development of such factors as:

Reliability apportionment, prediction, and rnodeling.
(Chapters 8 and 9)

- Expected environmental conditions. (Chapter 11)

- Requirements for reliability participation in Design
Reviews. (Chapters 4 and 6)

- Requirements for reliability tests, demonstration and
resolution of problem areas. (Chapters 6 and 10)

4.3 Initial Reliability Propgram Activities in Non-System Frocurements

During the carly stages of non-system programs for the procure-
ment of individual equipment items, experimental models, com-
mercial items, and similar procurements, a conceptual phase,

as such is seldom defined. However, certain reliability precgram
activities are necessary for most programs such as those stzrting
at the time that the operational requirements and design goals

are being defined, and continuing throughout the design and pro-
duction stages of the procurement program. The earliest of these
activities would be performed at a time during the equipment
development cycle that was equivalent to the conceptual phase

of the system life cycle.

In certain programs, such as in the development and procurement
of large equipments for the normal inventory, all reliability pro-
gram activitics indicated in paragraph 4.2 may be necessary. In
other cases, the reliability program chould be scaled down t- be
commensurate with technical and economical constraints of the
particular procurement. As a minimum, however, the reliability
program should include the activities necessary for reviewing
related documentation, developing gross reliability requirements,
and defining the reliability program activities to be performed
during design and producticn. (See items a, b and f of paragraph
4.2. Also see paragraph 5 of Chapter 5.)

RELIARBRILITY PROGRAM MANAGEMENT DURING THE DEFINITION
PHASE

In general, the Definition Phase is divided into three subphases as

follows:

Phase A includes the activities necessary to establish the formal
SPO and prepare for contractor definition.

3-6
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Pha:e B includes the efforts of competing contractors in perform-
ing tae definition tasks, and in preparing their proposals.

Phase C includes the Air Force ciforts in evaluating proposals
ard selecting the development contractor.

Reliability program management activities perfor:ned during the Defini-
tion Phase should be directed toward defining the¢ cost, schedule, and
technical design approach to satisfy the system reliability requirements.
In general, these activities will include efforts such as preparation of
reliability requirements for the system specification, preparation of
reliability program plans, determining realistic cost and schedule esti-
mates for reliability engineering in relation to other engineering, logistic
production and support cost, and identifying high risk areas. In addition,
the system reliability program is interpretec in terms of subsystem
factors, firm and achievable reliability requirements are allocated to
subsystems and reliability requvirements are evaluated with reference

to contracting for the system development activities of the Acquisition
Phase.

Reliability program activities performed during the Definition Phase

of a typical system development program are described below. In addi-
tion, sequential diagrams of reliability program activities during Phase A
and Phase B are shown in Figures 3-1 and 3-2, respectively.

The discussion of reliability program activities during the Definition
Phase is presented with reference to a system development program.
However, many of the activities discussed in paragraph 5.1 through
5.3 below are also applicable to nen-system programs, This is espe-
cially true during the normal procurement of new equipment items

for the operational inventory when the development program includes
activities equivalent to the Definition Phase of a system development
program. Those activities that will be most impcrtant to a program of
this type are:

o Preparing reliability input for contractor definition SOW. (See
paragraph 5.1f{.)

o Evaluating reliability factors in contractor definition proposals.
(See paragraph 5.11i.)

Preparing reliability requirements input for CEI Detail Specifi-
cations. (See paragraph 5.2d.)

5 Preparing Initial Reliability Test Plans. (See paragraph 5.2e.)

: Evaluating contractors proposais for development. (See para-
graph 5. 3.)

3-7
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5.1 Reliability Program Activities During Phase A

Following the receipt of the System Definition Directive (SDD), SPO
cadre is augmented to create the formal System Program Office
(SPO) under the direction of the System Program Director. The
SPO is composed of two divisions performing the staff functions of
Program Control and Configuration Management, and three line
civisions headed by the Deputy Dircctor for Procurement and Pro-
duction, the Deputy Director for Engincering, and the Deputy
Director for Test and Deployment.,

The responsibility for reliability engineering during Phase A is
delegated to the Deputy Director for Engineering who assigns relia-
bility specialists to emphasize the reliability discipline as an
integral part of the total system engineering process. In addition

to reliability engineering activities, however, the reliability pro-
gram also supports the program control, configuration control,
procuremens, and test activites of the other divisions., This wide
range of prcgram support activities during Phase A is illustrated

in Figure 3-1. The reliability program zactivity blocks in this dia-
gram are shown in rows corresponding to the most closely associ-
ated area of system management. In addition, each block of

Figure 3-1 is keyed to one or more blocks of Figure 6 of AFSCM
375-4. The reliabiliiy program activities are typically performed
in the sequence as indicated by the diagrarmn. However, in a particu-
lar program, the sequence of activities may vary, or several activ-
ities may be combined or performed concurrently. The reliability
program activities indicated by each block are described more fully
in the following discussions which are identified according to the
respective block of Figure 3-1. The numbers in parentheses follow-
ing the subject headings refer to blocks in Figure 6 of AFSCM 375-4,

a. Review and Update Reliability Input to Program Requirements
Baseline (1,2 and 3). One of the initial activities of the SPO is
the review and revision of the PTDP with respect to other re-
quirements of the System Definition Direction. At this time,
control of technical inputs to the Program Requirement Base-
line (i.e., the performance requirements, design criteria,
and other data defining the technical requirements of the system)
is assumed by the Configuration Management Division. Direct
support is provided by the Deputy Director for Engineering,
who is responsible for the development, integration, interface
compatability, and validity of the reliability input. Thus, the
earliest activities of the reliability specialists should include
reviewing the reliahility and related requirements and develop-
ing recommended changes to the PTDP. Typically, such recom-
mendations would be approved by the Deputy Director for
Engineering before submission to the Configuration Man:. sement

3-8
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Division for final approval. The approved change is then
’ incorporated in the PTDP by the SPO Program Control
Division,

b. Define Reliability Design and Trade-O{f Study Requirements
(4,5 and 6). The reliability engineering process started during
Conceptual Transition is continued as the {irst major reliabil'ty
engineering efforts of the D=rinition Phase. The system relia-
bility requirements are expanded to establish a basis for allo-
cation of various requirements among the system elements and
defining subsystem reliability requirements as required for
preparing the initial System Specification. (See Chapter 8 for
discussion of Reliability Ailocaticn Procedures.)

In the process of determining system performance and design
requirements, and during the process of defining the various
requirements and constraints such as safety, reliability, and
maintainability, many alternative methods will be identified,
the mest fruitful of which should be selected for input to trade-
off studies. .\t this time, the reliability considerations should
be examined from a total systems point of view to identify sub-
sequent trade-off study considerations. An important function
of system reliability engineering at this time is that of assuring
that reliability will be given its appropriate weight and that
essential constraints are established such that the achievabie
level of system reliability is not degraded beyond acceptable
limits., Trade-off studies involve the application of many dis-
ciplines as discussed in this notebook. The effect of trade-offs
on system reliability are usually evaluated using reliability pre-
diction procedures as described in Chapter 9.

c. Prepare Reliability Requirements for System Specification
(7 and 8). The first major configuration control activity
following the assumption of technical control of the baselinc
documents by the SPO, is that of preparing the initial System
Specification to be included in the Phase B statement of work.

The management control of the System Specification is the

responsibility of the Configuation Management Division. How-

evew, all technical input, including the reliability requirements

are the responsibility of the Deputy Director for Engineering. c

The System Specification includes a paragraph that specifies
the system reliability requirements in quantitative terms. In
addition, the System Specification states system reliability
acceptance testing requirements (see Exhibit I of AX*"SCM
375-1). Develcpment of these requirements should be the

3-10 {
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direct responsibility of the reliability spe ialist, who should
be supported Ly the Test and Deployment Division in the

development of reliability test requirements.

Techniques used in the developrnent of reliability requirements
are discussed in the reliability specification portion of
Chapter 6.

Prepare Initial Test Program Plans (9). The Deputy Director

for Test and Deployment is responsible for initiating the
development of plans for the su 4ucnt testing of the systern.
These are essentially managem=nt-criented planning docu-
ments to guide the accomplishment of the overall system test
program, assure adequate lead time for development of test
procedures and facilities, and provide a basis for more de-
tailed planning and operating documents. Any requirements
for extensive and time consuming reliability testing are
important inputs in the development of these plans, and identi-
fication of any such requirements should be initiated at this
time. Therefore, reciprocal support will be essential butween
the reliability and test specialists in developing reliability
test requirements for the System Specifications, and in gre-
paring initial reliability test program plans.

Some of the factors to be considered in the development of
reliability test program plans are discussed in Chapter 6.
Also details of the development of reliability test procedures
are presented in Chapter 10.

Define Reliability Program Milestone (10, 11 and 12). The

first major activity of the Program Control Division of the
SPO, following the verification of the Program Requirements
Baseline, is that of developing the preliminary Program Work
Breakdown Structure (PBS) and Program Management Network
(PMN). This function is primarily system program manage-
ment oriented, but is influenced by systems engineering and
other groups to the extent necessary for assuring the defini-
tion of all critical milestones of the network. In particular,
the system reliability management inputs should include re-
quirements and schedules for development of reliability pro-
gram plans, reiiability design reviews, reliability test plans,
and other reliability milestones of the overall PMN.

Specific activities and milestones of the reliability program
are summarized in this chapter. In addition, the reliability
engineering management activities, and reliability data man-
agement considerations as discussed in Chapters 4 and 5,
respectively, will aid in identifying the reliability program
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activities, and establishing associated milestones for the
Propram Management Network,

Prepare Reliability Input for Phase B Statement of Work
(14). The Deputy Director for Engineering is responsible
for preparation of the Statement of Work (SOW) for the
Phase B cffort. The most significant portion of the Phase B
SOW, insofar as reliability program management is con-
cerncd, is the statement of Phase B system engineering
effort, which includes requirements for trade-offl studies
involving system reliability as one of the principal param-
eters of system effectiveness. - Also, specific reliability
requirements should be stated in the requirements for pre-
paring the Part I Detail Specifications for each CEI, and in
updating the System Specification.

Other portions of the SOW that include, or are impacted by
reliability considerations are the requirements for system
reliability evaluation in design reviews, and the requirements
for development of reliability program management plans.

The reliability specialist should also review documents
referred in the SOW to assure that appropirate reliability
specifications are imposed, that only essential reliability
requirements are listed as applicable, and that duplicate or
contradictory requirements are not generated by secondary
reference. It is the reliability specialist's responsibility to
determine the reliability data items to be specified in the
Contract Data Requirements List, DD form 1423, See
Chapter 5 for guidance in establishing reliability program
data requirements.

Providing Reliability Frogram Assistance in Phase A Pro-

curement Activities (19 and 21). A series of procurement

and production management actions are performedto completeth.

request for proposals (RFP), and solicit bids for performing
Phase B. These actions involve activities of all participants,
including the reliability specialists from the office of the
Deputy Director for Engineering. Some of the more signifi-
cant activities of the reliability specialists during the final
procurement actions include: '

Updating the reliability inputs to the Phase B SOW.

Performing [inal review and verification of the reliability
requirements in the intial System Specification.

Reviewing and updating as necessary the system relia-
bility test plan,

3-12
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: Developing criteria for evaluating the reliability factors
in proposals.

[ g Review information relating to any reliability achieve-
ment incentive provisions in the RFP,

p A Froviding consultation or direct assisiance to the Source A
Selection Advisory Council (3SAC) in rating reliability i
provisions in contractors' proposals. i

S A b

. Providing assistance to pre-proposal briefings where
questions may be asked concerning technical aspects of
the reliability program.

h. Contractor Reliability Program Efforts in Proposal Prep-
aration (22 through 27). Contractors selected to submit pro-
posals will typically perform a series of iterative actions
that culminate with a definitive proposal for performing
Phase B. One of the major activities in proposal preparations L
is in performing selected studies and identifying additional 1
trade-off study requirements for Phase B. One of the majcr
efforts in the support of such trade-off studies will be the
expansion of the reliability model, and refinement of the
reliability allocations to reflect the contractor's proposed
system design characteristics. b

sl ki

The contractors' proposal development should also include 3
updating and verifying the reliability requirements provisions i
in the System Specification. :

Ideally, each contractor will review, verify and expand the

reliability requirements paragraph of the System Specification
based on the expanded reliability model and refined reliability
allocations to provide reliability requirements for identifiable

et e

system elements. Additional activities performed by the con- E
tractor should include verifying and expanding the reliability 2
program activities and milestones of the PMN. =

i. Evaluvate Reliability Factors in Phase B Proposals (33). Pro-
posals received from the several coniractors in response to
the Phase B RFP are evaluated using previously established

. evaluation criteria. FEach technical and rnanagerial factor
of the proposal is scored according to an objective scoring
systemy, and the contract is awarded accordingly.

E The SPO reliability program should include provisions for
: evaluating thc reliability aspects of the proposals. The weight

3-13
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accorded reliability factors during the proposal c¢valuation
will vary depending on the requirements of the system under
development, This weight may or 1nay not constitute a
signiticant portion of the total score. However,

regardless of the relative weights established for the relia-
bility factors, failure to mect the minimum reliability re
quirements can be grounds for rejecting the proposal, cven
though all other factors mect the SOW requirements.

Reliability Program Activities During Phasc B

Following final review, the Phase B contracts are sipned and dis-
tributed to the contractors te officially initiate Phase B. From
this point until the ceimpletion of Phase B the SPO will fully support
and coordinate the contractn. effect, 1'he contractor's activites
during Phase B represent an iteration in depth of the preceding
activities, including the pieparaticn of the complete System Speci-
fication, and preparation of detailed pians and schedules for system
development. Figure 3-2 iaaicates the areas in which the contracto
should provide for significant reliability program activites in a

typical systemn definition program, and to which the SPO shoulid give

particular atteation in monitoring and coordinating the contractors
reliability progsram activities.

The activity blocks in in1s diagram are shown in three rows to
indicate the 5PO management areas most directly associated with
the respective reliability program activities performed by the con-
tracltor. In addit.on, each block of Figure 3-2 is keyed to one or
more blocks or Figure 6 of AFSCM 375-4,

The contracter's reliability program typically includes those activi
ties indicated in the diagram. However, since each contractor will
organize his reliability program to :zonform to his overall manage-
ment structure, the sequence of activities, and even the relative
emphasis placed on each of the various activities will vary from
contraciovr to contractor.

The reliability program activities indicated in Figure 2-2 are dis-
cussed more fully in the fellowing paragraphs. The numbers in
parentheses frillowing the subject headings refer to the blocks in
Figure 6 of .\FSCM 375-4,

a, Perform Reliability Engineering and Analysi. for Trade-off
Studies {42). A major effort of Phase B is the perforrmance of
trade-ofi studies to assure the best possible balance among
total cost, schedules and operational effectiveness factors.
The effect of reliability factors should be considered during
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all trade-off studies, not only in relation to system cffective-
ness achievement, but also in relation to other, often more
obscure factors such as maintenance support cost. For ex-
ample, logistics factors such as maintenance spare provision-
ing plans are directly influenced by component failure rate.

Typical reliability engineering and analysis activites associated
with virtually all trade-off studies include such diversified
tasks as:

. Updating the system reliability model to assess the relia-
bility characteristics of alternative design approaches.

Providing failure rate prediction data for alternate
approaches for application te s‘udies such as logistics
cost vs, initial costs.

Evaluating historical reliabilitv data as applicable for
activities such as assessing cuirent equipment in the DOD
inventory in selecting alternate ('EI's,

Update Reliability Requirements of S 'stem Specifications (44).
The results of the contractors systen: engineering and trade-
off study effort are used to update and refine the System Speci-
fication. During this updating, particular attention is paid to
the reliability provisions, where a valid allocation of reliability
requirements to the subsystems is a prerequisite to the sub -
sequent development of Part I Detail Specifications for the
contract end items program. Thercfore, the contractor's
configuration control program should be fully supported by
reliability engineering in assuring that system reliability re-
quirements are properly specified.

Develop Reliability Requirements for CEI's (43, 45 and 53).

The most significant activities performed by the contractor
during Phase B are the engineering and analysis activities
required to convert the gross system requirements into de-
tailed design requirements for individual CEl's. This includes
the development of all design requirements, including relia-
bility requirements.

The following are some of the more important reliability
engineering activities associated with updating the reliability
requirements ~f the System Specification:

. Reviewing updated baseline data, such as the PTDP and

System Specification to ensure complete understanding of §
gross system reliability requirements and constraints.

3-16
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c Updating the system reliability model to reflect the
system configuration, to the level of identified CEI's.

g Reviewing and updating reliability allocations to develop
specific allocations of system reliability to definable
CEl's.

g Establishing quantified reliability requirements for the

system, subsystems, and definable CEI's and assuring
the validity and practicality of these requirements.

. Establishing system reliability testing requirements com-
patible with the quantified reliability requirements, and
applicable to the subsequent preparation of reliability test
plans.

Prepare Reliability Requirements Inputs for CEI Detail Speci-
fications (46 and 54). Based on the contractor's development
of CFI design requirements, the Part I Detail Specifications
are prepared in preliminary form for each identifiable CEL
This includes the preparation of the requirements and test
sections (sections 3 and 4)of the specifications, and reflects
the information in the updated System Specification and inte-
grated system testrequirements. These specifications include
quantified reliability requirements for each CEIL. Therefore,
in preparing the reliability requirements, close cooperation
will be renuired between system engineering and configuration
control activities to assure that all reliability requirments
and test provisions are carefully prepared and adequate. Some
of the more important reliability engineering activities that
should be performed in preparing the reliability inputs for the
Part I Detail Specifications include:

. Reviewing the System Specification reliabilty allocations
with respect to proposed CEI characteristics to verify
the validity and practicality of each CEI reliability require-
inent,

: Establishing and verifying quantified reliability require-
ments for inclusion in the Part I Detail Specifications.,

: Establishing CEI reliability testing requirements compati-
ble with the quantified reliability requirements, and appli-
cable to preparaticn of category I test plans.
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e¢. Preparc Initial Reliability Test Plans (47). The initial test
plans are refined and updated by the contractor in the prep-
aration of initial category I test plans and inputs for subse-
quent catepory Il test plans. Included in these plans arc
tests required to demonstrate reli. lity achievement for the
CEI's during category I testing, and for the integrated sys‘em
during category II testing.

{.  Prepare Reliability Inputs for Phase B Final Report (60).
(See also paragraph 31 of AFSCM 375-4.) Phase B cf the
Definition Phase is concluded with the contractor's sub-
mission of his Final Report. This report, which includes
the contractor's firm proposal for development, requires
reliability program inputs in several areas, including:

. Reliability aspects of trade-oif conclusions.

Reliability inputs to system engineering documentation
developed during Phase B. (See Chapter 5.)

. Reliability requirements in System Specifications and CEI
Part I Detail Specifications,

d Reliability data requirements list for the development
program of the Acquisition Phase, (See Chapter 5.)

The contractor's reliability program management plan.
: Identification of reliability program high risk areas.

Identification of reliability problems that could not be
resolved during the Definition Phase.

. Reliability program activities that will require long lead
times.

5.3 Reliability Program Activities During Phase C

The chjective of Phase C is to select the definition contractor who
is to continue the development program of the Acquisition Phase.
Therefore, the primary activity during Phase C is the evaluation
of the Phase B Final Reports, which contain the contractor's

firm proposals for development, and the selection of the particular
contractor for the Acquisition Phase development effort.

The evaluation of the contractor's final report typically requires
a technical evaluation of the contractor's design., Such evaluation
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should include a reliability engineering analysis of the contractor's
design approaches for meeting the system and CEI reliability
requirements, and, as such, would involve system reliability
modeling, allocation and prediction activities, Thus, reliability
analysis and evaluation support will be essential in evaluating the
Phase B Final Reports and proposals.

After being updated as required to refleci any negotiated chaﬁges,
the selected contractor's Phase B f{inal report is used to update
and refine the bascline documents that will govern the Acquisition
Phase development cffort. Two baselines are established as
follows: '

: Design Requirements Baseline, which governs the configura-
tion management of the system development. This is based
on the Part I Detail Specifications, and defines all design
requirements, including system and subsystem reliability
requirements.

c Program Requirements Baseline, which governs the program
management efforts of the acquisition phase. The previous
baseline documentation is consolidated to provide the Proposed
System Packaging Plan (PSPP) which includes recommendations
for full-scale development,

The Definition Phase is completed, and the Acquisition Phase
initiated with the issue of the System Pregram Directive (SPD) by
Hq. USAF, which documents official approval of the design and
program requirement baselines.

RELIABILITY PROGRAM MANAGEMENT DURING THE ACQUISITION
PHASE

Reliability program managementactivities purformed during the Acqui-
sition Phase should be directed toward assiring that system elements
as acquired meet the reliability requirements of the System Specifica-
tion., In general, these activities will include contractor efforts such
as detailed reliability engineering activities, updating reliability

factor input for design reviews, planning and performing relia-

bility demonstration tests as part of categories I and Il testing, and
providing reliability program guidance for transition to the Operational
Phase, SPO activities will include updating baselines, and direction
and concurrent support of testing and design review activities through-
out the Acquisition Phase.

A sequential diagram indicating reliability program activities of the
Acquisition Phase is shown in Figure 3-3. The activities indicated in
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this diagram are related to general areas of SPO management activity,
and keyed to corresponding blocks of Figare 7 of AFSCM 375-4. The
reliability program activities indicated in Figure 3-3 ar¢ described

in the following discussion of Acquisition Phase activities. The numbers
in parentheses following each subject heading also refer to specific
blocks in Figure 7 of AFSCM 375-4.

Several of the activities summarized below for system development
during the Acquisition Phase are also applicable to non-system pro-
grams. The actual activities that should be included in such a pro-
gram should be selected based on the requirements of the specific
program. However, any development program should include relia-
bility engineering support activities such as those discussed in para-
graphs 6¢ and 6f. In addition, support should be provided in developing
reliability test plans and in performing reliability demonstration iest-
ing (see paragraphs 6b and 6g).

a. Update Reliability Factors of Design Requirements Baseline (4).
The most significant activities in initiating the Acquisition Phase
insofar as the SPO reliability program is concerned, are those
involving the updating of the Design Requirements Baseline to
reflect changes required by the System Program Directive. Partic-
ular emphasis should be placed on the requirements for compati-
bility between the Part I Detail Specifications and the System
Specification. Review and updating of reliability requirements of
the Jesign Requirements Baseline is a system engineering activity.
However, these activities are performed in support of, and are
directly controlled by configuration management.

b. Reliability Program Support in Developing Category I and II Test
Plans (5 and 8).. The responsibility for Category I and II testing
is assigned to the SPO Deputy Director for Test and Deploymernt
who appoints Air Force test directors who will be responsible for
the coordinated development of category I and II test plans, and
the organization of a field test force for conducting category II
testing.

Reliability testing is a major factor in the category I and II test
programs. In fact, the importance ot reliability testing is empha-
sized by the separate paragrapl. .pecifically covering reliability
testing in both the System Specification and the Part I Detail
Specifications (see Exhibits I and I of AFSCM 375-1). Therefore,
reliability testing requirements should be a major factor in the
subsequent test program planning activities. In many instances

the scope of reliability testing requirements will justify the appoint-
ment of reliability specialists on the field test force and, for very
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large systems for which reliability achievement is = major develop-
ment criterion, a reliability specialist could be in~.uaded on the
immediate staff of the Deputy Director for Test and Deployment.

In any event, the reliability specialists of the Syst2m Engineering
Division should fully support the Deputy Director for Test and
Deployment by providing technical information concerning relia-
bility testing and tect facility requirements.

Preliminary Reliability Engineering by Contractor (11). One of
the development contractor's early activities is to evaluate and
update the reliability program plans and schedules which were
included in his Phase B {inal report, and prepare his working
plans for providing reliability capabilities for the development
activities.

The development contractor's reliability engineering effort begins
as a continuation of the system engineering effcrt performed during
the Conceptual and Definition Phases. The earlier detail design
efforts which were primarily directed toward apportionment of
reliability requirements to CEI's will now be directed toward
development of an acceptable design approach, Reliability factors
of the preliminary detail designs for CEI's will be developed based
on the reliability requirements of the approved Part i Detail Speci-
fications, ’

As the design progresses, new requirements will be identified,
many of which will involve areas of development that are directly
influenced by the results of the reliability engineering and trade-
off activities. For example, reliability data in the form of ex-
pected failure rates is a major factor in developing end item
maintenance features, as well as in allocating maintenance spares.
In addition, early reliability engineering and analysis inputs are
essential in preparing for subsequent Preliminary Design Reviews
(PDR), Critical Design Reviews {CDR), and indirectly the First
Article Configuration Inspection (FACI).

Reliability Specialist Support of PDR (13). The contractor's pre-

liminary detail designs are reviewed on an incremental basis as
the preliminary design of each CEI is completed, This Prelimi-
nary Design Review (PDR) is performed to determine that the
design approach is feasible and sound, and that the performance
requirements specified in Part I Detailed Specification can be
met., A successful PDR normally is a prerequisite to continuing
with detail design efforts,

The review should include an assessment of updated reliability, .
modeling, allocation and prediction data, as well as reliability {
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design features. (See Chapter 6 for a discussion of reliability
design review.} In order to properly evaluate reliability engineer-
ing factors, a reliability specialist should be included on, or
available as a consultant to the PDR representation of both the
contractor and procuring activity.

Validate Reliability Requirements of Part I Deta.. Specifications

(14). Based on the findings and recemrnendations of the PDR, the
contractor usually will update and validate the Part I Detail Speci-
fications before proceding with his detail design activities. The
reliability requirements of the specifications will be of particular
interest because any specification revision in response to the PDR
can effect CEI reliability even though the revision is performed to
correct deficiencies in other areas. Therefore, each revision to
the Part 1l Detail Specifications should be evaluated with respect
to its impact on CEI and system reliability.

Provide Reliability Engineering Support to Detail Design Activities

(15). Following the validation of the Part D Detail Specifications

as a result of PDR actions, the contractor initiates a concerted
detail design effort which will result in test and production hardware
and facilities meeting the specified requirements,

The primary function of the contractor's reliability program during
the detail design effort is that of inonitoring and evaluating the
design as it progresses to assure that the specified level of relia-
bility is being achieved. This should include a continuing c¢ffort to
update the reliability n~odel and documentation to reflect details of
design as they are defined, and to perform periodic reliability pve-
dictions to detect design problem areas at the earliest possible
time. In addition, the reliability specialist should provide support
in the application of reliability improvement techniques such as
those discussed in Chapter 11,

Prepare Category I Test Procedures and Perform Tests (18, 19 and

20). As the detail design progresses, the category I test plan is
expanded and category I test procedures are prepared to include
detail systeim, subsystem, CEIl and component reliability tests.
(See Chapter 10.) The reliability test plans and procedures are
then implemented as part of the category I testing to comply with
the quality assurance provisions of the Part I Detailed Specifica-
tions.

The contractor's category I test procedures should include relia-
bility design analyses and demonstration to deterinine compliance
with the quantified reliability requirements as specified in the
Part I Detail Specificat’ons (see Exhibit iI of AFSCM 375-1). In
a typical case, however, the reliability demonstrations should be
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conducted concurrently with other operational tests in order to
reduce the total cost and time requirements for completing the
category I test program,

Evaluate Reliability Engineering Data for CDR (21). The results

of the detail design effort are reviewed to determine the adequacy
of the design in meeting the requirements of the Part I Detail
Specification. This Critical Design Review (CDR) considers re-
liability engineering and analysis data as a part of the overall
engineering and design docurnentation rather than as a separate
item. Therefore, the CDR does not include a ''reliability review"
as such. However, because of the importance placed on relia-
bility achievement as a development objective, and in view of the
specialized nature of reliability documentation, it is usually
desirable to include reliability enpineering representation on, or
available for consultation to the CDK group.

The CDR results in formal evaluation and identification of specific
engineering documentation being prepared to govern full-scale

production,

Review Reliability-Critical Aspects of the Part II Detail Specifi-

cations {(23). The results of the development and review actions«

provide the Product Configuration Baseline which is documented
in Part II, "Product Configuration and Acceptance Test Require-
ments'' of the Detail Specification (see Exhibit Il of AFSCM 375-1),
This document does not include specific reliability requirements.
However, its preparation should be subjected tothe review and
approval of the reliabiiity spe :ialist to assure that reliability
factors of the design have not been compromised.

Provide Reliability Desipn Review Support to FACI (25). The First

Article Configuration Inspection (FACI) is a critical inspection of
the first article to be produced in accordance with the Fart II Detail
Specifications. This formal review is primarily concerned with
production design characteristics and, as such, does not directly
consider the reliability aspects of the design. However, minor
discrepancies between the article as produced. and the specifica-
tion requirements are sometimes resolved by rieans ot waivers in
specificaticn requirements. Approval of any such waivers should
he subject to the review and approval of reliability specialists to
assure that the CEI reliability is not compromised.

Prepare for and Conduct Category II Reliability Tests (28 and
35), The catcgory II tests are intended to demonstrate compli-
ance with the requirements of the Systern Specification and Part I
Detail Specificaticn, both of which contain explicit quantitative
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reliability requirements. Therefnre, a significant portion of
category Il testing should be devotasd to the demonstration of
achieved CEI, subsystem and system reliability. Since this is
the only demonstration of total system reliability before turn-
over of the system to the using agency, the reliability demon-
stration conducted during category Il testing must be considered
as one of the major milestones of the reliability program. It
is significant that the category II Final Test Report includes a
report on the "functional reliability of the system, ' and that
these reliability factors are given as much weight in the repert
as any of the system performance test results. See Chapter 5
and Data ltem Number T-120 of AFSCM/AFLC M 310-1,

1.  Support Development of Category III Reliability Tests (38). Cate-
gory III testing is performed by the using command during the
Operational Phase, to assess system effectiveness and reliability
in the intended operational environment. Although actual testing
begins in the Operational Phase, planning for the category III
tests must be initiated earlier to allow for proper test support
and scheduling. The recponsibility for formulating the category
III test plan and procedures rests with the using command. How-
ever, essential support in all technical a 1 engineering areas is

provided by the SPO.

Category III testing normally includes system effectiveness, oper-

ational readiness or other form of demonstration which requires

an assessment of systermn and subsystem reliability. Therefore,

reliability activities of the SPO should include support in develup-
ing the reliability evaluation and demonstration aspecus of the
category III test plans and procedures.

m. Perform Reliability Analysis During Tec hnical Approval Demon-
stration (42). One of the major activities of the contractor in
concluding the Acquisition Phase is the Technical Approval Demon-
stration (TAD), which is a demonstration to show that each CEI,

: each subsystem, and the complete system are acceptable in the

§ configuration intended for turnove:r. Acceptability of the sy. m

¥ reliability is normally measured in terms of a calculated quantity

' ) such as MTBF, or a predictec quantity such as the probability

of mission success at a randorn point in time. In any case, relia-

bility demonstration and prediction data as developed during earlier

testing and analysis will provide a major input to the TAD.
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RELIABILITY PROGRAM MANAGEMENT DURING THE OPERATIONAL
PHASE

Reliabiliity program management activities performed during the Oper-
rational Phase should be directed toward assuring the turnover of an
adequately reliabl: system to the using command or organization. In
general, these activities will include the completion of residual relia-
bility e¢i:gineering and testing, supporting the category III test program,
performing reliebility data analysis and evaluation, and providing relia-
bility c¢ngincering support for modification programs.

The responsibility for reliability program management during the
Operational Phase is transferred frem the System Program Director
of the SPO to the System Support Manager of AFLC. This transfer of
responsibility is not abrupt, but rather is accomplished on an incre-
mental basis as operating uaits of the system are accepted by the user.

Typically, the Acquisition Phase and Operational Phase overlap to a
considerable degree. The acceptance of the first operating unit by the
using comrmand initiates the Operational Phasc, but the Acquisition
Phase i: not corncluded until the last operating unit is delivered, tested,
and turned over.

A sequential diagram indicating reliability program activities of the
Operational Phase is shown in Figure 3-4. Activities shown in this
diagram are keyed to corresponding blocks of Figure 9 of AFSCM 375-4.

The reliability program activities indicated in Figure 3-4 are described
in the following discussion of Operational Phase activities. The numbers
in parentheses following each subject heading also refer to specific
blocks in Figure 9 of AFSCM 375-4.

The reliability program activities summarized below are directed
toward a system program and all of these rmay not be directly applica-
able to non-system programs in all cases. However, many of these
activities are applicable during the activation and operation of any

new equipment item even though it is not identified as a system element.
For example, reliability engineering support (see paragraph 7e) should
be provided for medification programs associated with any equipment
in the operational inventory. In addition, failure data analysis pro-
grams, as mentioned in paragraph 7g, are important, not cnly in
evaluating the operation of a new equipment, but also in obtaining data
applicable to development of other equipment items.

a. Reliability Engineering Transierred to AFLC (2). Following the
contractor's successful completion of the Technical Approval
Demonstration (TAD), and using command acceptance of hardware
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items and facilities, the responsibility for operational engineer-
ing for the respective units is transferred to AFLC,

Operational engineering is performed to resolve service-revealed
deficiencies, and to investigate other cperational aspects of the
performance and reliability of the system. Therzfore, an impor-
tant activity of operational engineering should be the analysis of
failure data obtained via the Air Force Maintenance Data Collection
System (see Chapter 7). In particular, system reliability evalu-
tions shcould be perfermed using data derived from analyses of

high system failures, and component/item data related to unsatis-
factory reliability experience., Due.to the emphasis on the investi-
gation of systemn reliability probiems it is apparent that reliability
engineering should be a significant portion of the operational engi-
neering function. Therefore, AFLC's responsibility for operational
engineering includes the assumption of a portion of the system
reliability program management responsibility.

Conclude Category II Reliability Testing (4). In the ideal case
category Il testing is completed prior to turnover of tae first unit,
However. in many practical cases category II testing extends into
the early part of the Operational Phase to accommodate tests re-
quiring long periods of data gathering. Reliability demonstration
is one of the most common of such long-duration tests. Quite often,
the desired level uf confidence that the system reliability require-

ment is met can only be established by accumulating extensive
operating time.

Update Reliability Farctors in Product Confliguration Baseline (6).
System deficiencies revealed during category II testing are cor-
rected by updating changes, some of which can be initiated after

the start of the Operational Phase. Because of the extended time
required for reliability demonstrations during category II testing,

it is conceivable that updating changes extending into the Operational
Phase will involve a significant amount of reliability engineering.
Therefore, reliability support in developing changes and updating
the Product Configuration Baseline showld continue unitl the final
chunge has been completed.

Provide Reliability Support to Category III Testing (7). Category
III testing is started by the using command after the first operating
unit has been accepted and after all operationally critical updating
changes have been made. In general, category Il tests include
some form of reliability or system effectiveness demonstration
that will be performed as a part of other operational testing and
evaluation. Therefors, a separate reliability test may not be
required. However, due to the specialized methods for analyzing
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reliability data, the category III test force should either ide
a systern reliability evaluation specialist, or appropriate spc
cialized support should be provided by the SPO.

Provide Keliability Engineering Suppor* to Modification 1 gram
(8 and 12). DPeficiencies revealed during categc-y Il testing are
corrected by means of modifications which are the respons.ibility
of either AFSC or AFLC depending on the extent of the modifi
tion. AFR 57-4 definzs two general classes of medifications that

are of concern to the reliability program. These are class IV 1
mcdifications to correct sericus deficiencies and class V modi-

fications to provide new mission capabilities.

i-

Class IV modifications tiiat are within the capabilities of AFLC i
engineering will be the responsibility of the AFLC System Support |
Manager (SSM). Class IV modifications that are beyond the capa- |
bilities of AFLC engineering, and all class V modifications are 1
assigned to AFSC. In the latter cases, the modification develop-
ment is managed in accordance with the System Prograni Manage-
ment procedures of AFSCM 375-5, beginning at the appropriate
point in the Definition or Acquisition Phase. Such modification
programs will require reliability program management activitics
similar to those discussed previously for a new sysiem develop-
ment program.

Perform Reliability Assessment of Changes and Mcdifications (13,
15 and 17). Follow-up development tests to evaluate updating
changes and modifications are sirnilar tc category I or Il tests, 3
but are usually on a reduced scale. They are performed against
specific revisions of the Design Requirements Baseline, and
emphasize design aspects directly related to the change or modi- 3
fication. However, other tests including reliability assessment
are requirerd to assure that the modification did not adversely
impact on other system characteristics. Quite often, empirical

confirmation of reliability characteristics will not be practical §
during follow-up development tcsting due to the time required to 1
obtain a statistically valid reliability measuie. In this case, ¢
analytical procedures should be employed to assess the effect of g
the modification on the achieved system reliability. 3

Continue Failure Data Analysis (11). Data are collected on all
operating units to reflect failure experience during irstallation

and checkout as well as during operation by the using command.
Failure occurring during checkout are reported on prescribed
forms such as AFSC Form 258. After the units have been turned
over to the using command the Maintenance Data Collection System
as defined in AFM 66-1 is instituted and failure data are reported
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using the AFTO-200 series forms as described in Chapter 7.
Failure data fcedback and enalysis is a continuing activity that
may not terminate until disposition of the system. These data
are a primary input for system reliability analyses and other
studies that are performed throughout the operational life of the
system, and that provide historical reliability data essential to
the development of future systems. The analysis and evaluation
of failurc data is one of the most significant activities of the relia-
abilitv program following transition of the systen ngineering
responsibility from AFSC to AFLC,

Transition I' 'iability Program Management to AFLC (14 through
28). At the conclusion of the final Acquisition Phase activities,

all system management functions will have been transitioned from
AFSC to AFLC. By this time, total Air Force e¢ngineering respon-
sibility will have been assumed by AFLC. Therefore, any long-
term reliability engineering function, such as failure data analysis
and operational relicbility evaluation will beceme the responsibility
of ..FI1.C engineering. Thus, AFLC will assume the continuing
reliability program management responsibility for the system.

Conlintie to Support Operational Reliability Testing (29). Category

IIT testing is completed by the using command in accordance with
the previously prepared category III test plan. However, this does
not conclude the system testing activity. A program to perform
cperational testing is continued until the system has been exercised
under various conditions and loads, and within the constraints of

a variety of missions. The system is tested on an incremental
basis until all system elements have deinonsirated acceptable per-
formance in a variety of operating environments.

Such continued operational testing is justified by providing means for:

. Training operational personnel and evaluating their perform-
ance. (Note: Operating personnel are a part of the total system
configuration, and are considered as basic elements in evalu-
ating operational reliability.)

c Assessing system capability in view of changing threats.

c Identifying the need for system modification or a new system.
{This is one of the inputs to the pre-con-eputal requirements

and planning studies for future generations of systems.)

. Permitting evaluation of the impact of ne'v interfacing systems
or changes to existing interfacing systems.

. Providing measures of system performance and reliability
under operational stress.
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The need for a continuing reliability program in realizing this
last advantage is ¢bvious. However, cther areas, such as
assessing system .apability, identifying the need for modifica-
tion, and evaluating interfacing impact also involv: the con-
sideration and evaluation of reliabilitv factors. It is apparent,
therefore, that reliability program activities will continue
throughout the Operational Phase and into the Conceptua.: Phase
of the next peneration of systems, thereby completing the cvycle,
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CHAPTER 4 E

RELIABILITY ENGINEERING MANAGEMENT

1. INTRODUCTION

Chapter 3 has presented an overall discussion of the objectives and
activities of Reliability Program Management in relation to tke en. E:
tire spectrurn of system program management, including significant i
activities in the areas of configuration control, systems ehgineering, J)
and test and deployment whicl directly relate to hariware develop-

ment,

Y T /P o

vl

The ultimate objective of the reliability program is the acquisition 0
; of an appropriately reliable system. The required level of reliability i
is staterd in th= system specification as a part of the configuration con-
trol activily, and the achieved reliability is verified as a major activity {

of the test program. However, configuration control and testing cannot :
E{ "achieve'' reliability. Reliability achievement s the unique responsi-
E: bility of reliability engineering. In fact, without an effcctive reliability a8
E: engineering program, the reliability assurance activities associated g
with the configuration control and testing program will be meaningless.

‘ Therefore, an effective reliability engineering program is an essential i
' aspect of the total systems engineering process. Furthermore, an j
effective reliability engineering program can only be assured by the 1

timely and appropriate management activities throughout the life cycle
of system development.

Specific considerations in the management of an effective reliability
engineering program are discussed in this chapter. This discussion E |
is presented within the concepts of the Systems Engineering Manage- .
ment Procedures of AFSCM375-5, but also relates specific manage-

ment activities to other less comprehensive development programs

4 where the complete systems engineering approach is not warranted.

Reliability engineering encompasses a variety of engineering design
and analysis disciplines which are applicabkle at all levels of system
design and development as an integral part of the total svstem engineecr- 4
3 ing process. As a defined program, reliability engineering begins
with the initiation of the systern engineering activities performed by
the SPO cadre during the conceptual transition stage of the Ccnceptual
b Phase. This does not imply that important reliability program activi-
ties are not performed earlier. In fact reliability achievement can
be a major objective of the technological development activities of the
early Conceptual Phase. However, these earlier activities are generally ]
developmental rather than engineering-oriented and, therefore, will
not be discussed in this chapter.

4-1 3
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Reliability engineering typically is initiated as a. element of the sys- H
tem-engineering activities during Conceptual Transition, aad con- {
tinues throurhout the Definition and Acquisition phases and into the 0

Operational phase. In general, reliatility engineering encompasses RNz

two areas of activity: (1) reliability achievement activities which
include part selection, derating, redundancy design, and other en-
gineering activities directed toward the design of a reliablc product;
and (2) reliability assurance activities which include the allocation,
specification and verification of compliance with reliability require-
ments.

i It is the responsibility of reliability engineering management to assure
an effective reliability engineering program during all phases of the
system life cycle. In view of this, the balance of this chapter is directed
toward a summary of reliability engineering activities that are per-
formed during the various phases of a typical system development pro-
gram. This discussion is presented within the concepts of the Systems
Engineering Managernent Procedures of AFSCM 375-5. However, many
of the activities described are applicable to any development program,
including hardware procurement and experimental model development
programs such as those performed in-house by RADC, and which do
not fall within the system engineering concepts.

2. RELIABILITY ENGINEERING MANAGEMENT DURING CONCEPTUAL

L TRANSITION |
P The responsilility for system reliability engineering management

during the Conceptual Phase is normally assumed by the System Pro-
!, gram Manager upon receipt of the SOR/OSR /ADO and initiation of

Conceptual Transition. Thus, the SPO cacire that is established at
{ this time should include, as a part of the systems engineering activity,

! an eiement (at least one personj having the overall responsibility for
' initiating and conducting the reliability engineering program. This

k- element will assume the reliability engineering responsibilities under

\ the Depuaty Director for Engineering of the SPO upon initiation of the

: Definition Phase.

The primary objective of the reliability engineering program activities
during Conceptual Transition is to establish the overall system reli-

f" ability requirements, allocate these requirements to the major system

E functions and from this develop the reliability requirements input for

4 the PTDP. Several specific activities have been defined for meeting
th:is objective. These activities are summarized in Table IV-1, where .

E specific reliability engineering activities are identified together with 1

: the purpose of the activity, general source of input data, type of out-

¢ put, and specific use of output data. The engineering techniques used

: and other information relating to each activity identified in Table IV-1 3
are summarized in the following paragraphs. { '
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2.1 Review of Source Documentation.

The initial activity of the Conceptual Transiticn phase is that of
reviewing available cource documentation to identity all infor-
mation and data that will relate to the subsequent - eliability en-
gineering aciivities. As a minimum, this revicv should be directed
toward identifying sources of data relatirg to the following factors:

a. Mission profile descriptions, indicating factors from which
system reliability requirements are developed. This includes
data relating to system operating time requirements in each
mode of operation, and any other. factors that will aid in de.
fining the time constraints that will be imposed on the system.

b. System functicnal requirements for each defined mission. This
includes information identifying system functional configuration
in each mode of operation, and an assessment of the probable
operational consequences in the event of loss of any given sys-
tem {unction.

c. Any constraints that may limit, or place excessive demands on
system reliability. This includes such constraints as maintain-
ability limitations, and other factors that may impact on the
definition and allocation of reliability requirements.

d. System effectiveness, availability, operational reliability, and
other requirements cf the system that include reliability as a
parameter, and which will facilitate quantification of system
reliability requirements.

2.2 Quantification of System Reliability Requircinents,

Following the effort to gather and review source data, the reliability
engineering program begins with the initial quantification of the gross
reliability requirements for the system. At times, system reli-
ability requirements are stated in the SOR /OSR/ADO documents and
need only to be updated and verified at this time. In general, however,
the syscem reliability requirements must be derived by interpretation
of qgualitative statements concerning the intended mission, and gross
quantifications of system effectiveness, operational reliability, or
availability requirements. These latter factors are fuictions of re-
liability, maintainability, and other parameters which must be con-
sidered in establishing the design goals for the system. However,
there is considerable latitude for :rade-off between the various
parameters before the system design goals can be optimized.

The task of quantifying the overall system reliability requirements

2N

generally involves a trade-off between maintainability (mean time
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to restore, riaximum allowable repair time, probability of
restoration within a given time, etc.} and reliability (mean
time between failure, probability of survival, etc.), together
with other parameters, including operational characteristics
and cost factors. Thus, this initial development of systen
design goals involves a gross allocation of the various param-

eters contributing to the achievement of system effectiveness.

R e T

Techniques employed in the trade-off between reliability,
maintainability and other parameters in establishing reliability
specification requirements are reviewed in Chapter 6. Some
additional techniques for interpreting mission requirements in
terms of reliability goals are summarized in Chapter 8.

o on S i

2.3 Development of Reliability Block Diagram and Model.

The initial reliability block diagram and mathematical model, as
developed during Conceptual Transition, forms the basis for all
subsequent reliability engineering program activities. Therefore,
this task of developing the initial block diagram and model is one

of the more important of the early reliability engineering activities.

The initial reliability block diagram is generally structured to
define functional relaticnships, and is essentially a refinement

of the top-level and first-level functional diagrams which are
modified to include the gross reliability requirement, and the
results of some early reliability predictions that can be performed
at this time. As the reliability engineering program progresses,

the model is revised and updated until reliability factors relating E‘
to individual elements of system hardware can be related to overall 3
system reliability, as well as to the other parameters of system ;
effectiveness. 3
2.4 Initial Reliability Allocations. i

The gross reliability allocations performed during the conceptual
phase are directed toward the assignment of a feasible reliability
goal for each function as defined on the functional diagram. These
allocations are performed using preliminary reliability prediction
techniques, such as the reliability prediction by function techniques
discussed in Chapter 9, and are verified using the initial reli-
ability model to assure that the levels of reliability, as allocated,
are appropriate in relation to the required total system reliability. !

T T

e

The results of the reliability allocation are used in developing re-
liability design requirement statements to be inciuded in the initial
requirements allocation sheets (RAS). These documents are prepared

R iR
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as a part of the system engineering activity and provide one of
the primary technical inputs to the PTDP. The results of the
allocation studies are also important inputs to the reports
describing Conceptual Phase trade study activities.

2.5 Reliability Design Requirements.

The final major activity of the reliability engineering program
during Conceptual Transition includes preparing the reliability
design requirements that will ultimately appear in the System
Specifications. At this stage, these requirements are stated in
specification language and are incorporated into Design Sheets
which become a part of the PTDP. Thus, the reliability design
requirements form a part of the Program Requirements Baseline
governing the activities of the Definition Phase.

RELIABILITY ENGINEERING MANAGEMENT DURING PHASE A OF
THE DEFINITION PHASE

Upon initiation of the Definition Phase, the full SPO is established and
the Deputy Director for Engineering assumes responsibility for all sub-
sequent system engineering activities. This includes all activities
associated with reliability engineering.

Phase A of the Definition Phase includes those system engineering
activities by the SPO that are necessary in preparing a request for
proposals (RFP) for Contract Definition (Phase B). Additional system
engineering is performed by each of the competing contractors in pre-
paring their proposals, and final engineering analyses are performed
by the SPO in evaluating the various proposals in preparation for award
of the Definition Contract.

The reliability engineering activities as discussed here are those per-
formed by the SPO in support of the RFP development, and in evaluating
proposals that are prepared in response to the RFP. These activities
are summarized in Table IV-2. The engineering techniques used, and
other information relating to each activity are summarized below. In
addition, typical reliability engineering activities that might be per-
formed by a prospective definition contractor in preparing his proposal
are reviewed with reference to the impact on the SPO reliability en-
gineering activities in concluding Phase A.

3.1 Expanding Reliability Requirements. )
Following the authorization to begin the Definition Phase, a signifi-

cant amount of system engineering is necessary in determining
additional design requirements and performing trade-off studies as

4-6
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required for the preparation of the initial System Performance/
Design Requirements General Specification (System Specification).
These activities result in expanding the functional diagrams to in-
clude second-level functions, and respective expansion of the RAS
and Design sheets. As these systems engineering activities pro-
gress, the reliability requirements must also be updated and ex-
panded as appropriate.

The reliability engineering efforts required to support these sys-
tem engineering activities includes the expansion of the reliability
block diagram and model to reflect the additional information pre-
sented in the updated functional diagrams. The expanded model is
then utilized for further allocating the quantified reliability design
requirements to the newly defined elements of the system. In gen-
eral, this allocation is still related to functional rather than physical
subdivisions of the system ~uad, thus, will involve the application of
reliability prediction procedures similar to those used in the initial
allocation. In some cases, however, system functions may be de-
fined to the extent that prediction procedures considering more de-
tailed parameters such as equipment complexity can be utilized.

The results of this refinement and expansion of the reliability alloca-
tion are used in providing reliahility design requirements for the
expanded RAS's and Design sheets.

Determining Additional Reliability Engineering Requirements.

The reliability engineering activities during the early stages of
Phase A not only preovide updated system reliability requirements
information, but also permit the identification of the additional re-
liability engineering activities that will be necessary before the
system is completely defined. In general, these additional require-
ments can be categorized as either (1) those that can be expected

to be satisfied as a result of the proposal development efforts of
the contractors who are cornpeting for the Definition contract, and
(2) those that will require the more extensive engineering efforts

of the actual contractor Definition (Phase B) activities. These
additional requirements will be included in the prcposal preparation
instructions and statement of work accompanying the Phase B RFP.

Preparing Reliability Requirements Input for Initial System Specifications.
The updated system reliability requirements are prepared in the .

appropriate specification language. This will involve the application
of techniques such as those described in Chapter 6 and 10 for
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specifying reliabkility, and will be prepared in the format required
for direct usz in the System Specification. (See Exhibit I of
AFSCM375-1.)

Initial Development of Reliability Test Plan.

A reliability test plan, conipatible with the system reliability re-
quirements is initiated during this phase, and is refined as the
system reliability requirements are updated. This initial plan
will identify the general testing requirements, as applicable dur-
ing the Category I and Category II testing programs, and to the
extent required for guiding the subsequent test plan development
efforts of the Definition Phase contractors. The initial reliability
test plan should be considered in preparing the wording for the
reliability test requirements paragraph of the System Specification.
(See Exhibit I of AFSCM 375-1.) Engineering considerations in
the development of reliability test plans are discussed in detail in
Chapter 10.

Reliability Inputs for Phase B RFP.

The results of the SPO reliability engineering activities during
Phase A provide the information necessary for preparing the re-
liability requirements input to the Phase B RFP. As a minimum,
this should include the preparation of definitive statements con-
cerning:

a. Reliability requirements, constraints, and other considerations
in conducting trade studies during Contractor Definition.

b. Test program requirements for demonstrating reliability
factors as allocated to the defined system elements.

c. Any incentive recommmendations that would be of concern to
the contractors' reliability engineering efforts, This includes
the identification of high-risk areas to serve as a basis for
development of incentive provisions.

Contractors' Reliability Engineering Activities During Phase A.

During Phase A of the Definition Phase, the prospective definition
contractors will perform a series of system engineering studies

and analyses as necessary to provide input to their Contract Defi-
nition proposals which are prepared in response to the RFP. These
engineering activities will be geverned by the specific requirements

of the RFP and System Specification, and usually will include a
significant reliability engineering effort. Some of the typical activities

4-9
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are summarized below. These actions are discussed to illustrate
the contractors' reliability engineering iterations rather than to

identify specific procedures that the contractor is required to
follow.

v

T T

N T T SR RS T AT

rig

AT P A OC T T

L

Review RFP Documentation, The initial efforts of the con-
tractors' reliability engineers should be to review the RFP,
and all documents that accompany the RFP to identify all sys-
tem reliability design requirements, and establish an approach

to the development of the reliability engineering and test pro-
gram.,

Expand and Update System Reliability Data. The updated re-
liabilify block diagram, requirement allocation sheets, sys-
teny specificaztion, and other data relezting to the reliability en-
gineering effort should be expanded, refined, and updated to
the extent possible with relation to the system reliability re-
quis ements.

Verify Reliability Requirements. Based on the updated data,
the contractor should verify the reliability requirements, in-
cluding test program plans and, where necessary, should in-
terpret such requirements in terms of his proposed approarh.
Any apparent or real deviation from the requirements of the
RFP should be fully explained and justified,

Provide Inputs to Contractor's Proposal. The reliability en-

gineering activities are concluded with the preparation of in-
puts to the contractor's proposal for the Phase B Definition
effort. Specific inputs should include at least the following:

- A discussion to demonstrate the contractors full under-
standing of the system and end item reliability require-
ments and reliability program objective.

- A reliability program plan, summarizing the contractor's
approach to the reliability engineering and analysis tasks
during the Contractor Definition program.

RELIABILITY ENGINEERING MANAGEMENT DURING PHASE B OF
THE DEFINITION PHASE

Phase B cf the Definition Phase involves essentially contractor activity
with the SPO system engineering activity providing guidance and support
to the participating contractors, and periodically reviewing the results

of the system engineering activities. Formal reviews of system require-
ments and sy~tem design are performed periodically during a typical

4-10
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contractor Definition program. Three of these are associated with

the development of the Part I Detail Specificutions for CEI's, and
directly invclve the participation of the SPPO reliability enginecering
activity. Other reviews are concerned with the parallel develop-

ment of end item maintenance design, and are generally of sccondary
interest to the reliability engineering program. The three reviews
requiring direct participation of the reliability engineering activity of
the SPO are summiarized in Table IV-3. Specific activities in relation
to a typical definition program are reviewed in the following paragraphs.

4.1 System Requirements Review of Operation's Functions Development,

The initial review by the SPO is performed to evaluate the contractors
effort to define the system requirements in terms of operations func-
tional diagrams, RAS's and time-line sheets. The contractors' re-
liability engineering activities to this point will typically include the
development of refined and updated RAS's, and design sheets, and

the performance of related trade studies. These activities will have
been centered around an updated and refined reliability block diagram
and mathematical model, which, in turn, will reflect the latest ex-
pansion of the functional diagramn. During the SPO review of docu-
mentation generated during these contractor activities, particular
attention should be given to:

a. Verifying the allocations of reliability and the means by which
such allocations were performed.

b. Assuring the completeness and accuracy of reliability associated
functions.

€3

Verifying veliability block diagrams and mathematical models.

d. Assuring the adequacy of the contractor's design and hardware
concepts.

4.2 System Requirements Raview of End Item Seiection,

The next se“ies of contractor reliability engineering activities are
directed toward the development of detailed reliability require-
ments for specific end items as the various items are selected.
The systems engineering activities associated with this selection
include & series of trade studies and the development of design re-
quirements for each CEI. The results of these activities are docu-
mented by means of expanded and updated RAS's, schematic block
diagrams, and design sheets, and by means of trade study reports
as appropriate. In reviewing these documents, the SPO reliability
engineering specialist should give particular attention to:

:
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a. Assuring that reliability requirements fo

r end items are
stated in engineering terms,

and are compatible witly the

b.  Assuring that each design sheet ircludes appropriate reli-
ability design and test requirements,
¢. Assuring that the reliability test and demonstrations are

consolidated with the other Category I and II tests to

the
maximum extent possible,

4.3 System Design Review.

abetibiin.

a. An evaluation to assure that the reliabilit

b.  An evaluation of the reliability test and anal

The final review of interest to the SPO reliability engirecering
activity is concerned with the results of the reliability engineering
activities performed during the develo

pment of the Part I Detail
Specifications for the CEI's. In a typical systems engineering
program the contracter will have performed a series of iterative

engineering activities directed toward the definition of design re-
quirements for specific end items, and will have documented the
results of these activities by means of further updated and ex-
panded RAS's, and schematic block diagrams. In addition, the
design sheets will have been translated into the initial Part 1

Detail Specifications for contract end items (see Exhibit II of
AFSCM 375-1).

The primary purpose of the reliabilit
design review is to determine whethe
ments as presented in the Detail Spec
are in consonance with the program r
originally established by the System
should include at least the following:

Yy engineering input to this
r the reliability require-
ifications are valid, and
equirements baseline as
Specification. This review

y design require-
ments, as specified in the Part I Detail Specifications are

consistent with the system development objectives, and are
adequate and valid as a desigr requirement.

ysis require-
ations. This
ysis require-
n requirement,
ria will verify
fidence. (See

ments as stated in the Part I Detail Specific
should verify that a reliability test and anal
ment is specified for each reliability desig
and that the test plan and acceptance crite

compliance within the desired level of con
Chapter 10.)




5. RELIABILITY ENGINEERING MANAGEMENT DURING PHASE C
OF THE DEFINITION PHASE

Phase C of the Definition Phase is concerned with the SPO's review
and evaluation of the definition contractors' final reports and pro-
posals for the acquisition phase development program. This review
and evaluation is directed toward determining the technical soundness
of the defined system, assuring the adequacy of the identification of
high risk areas, and delermining the degree to which the technical
tasks spcecificd in the RFP have been accomplished. In addition, when
major advantage would accrue, an engineering synthesis is made of
the best features of each proposed system to obtain an optimum sys-
tem within the overall performance, cost, and schedule requirements
and proprietary limitations.

The reliability engineering activities during this phase include a final
review and evaluation of the reliability engineering aspects of each
{inal report and proposal (see Table IV-4). This will include evalu-
ation of the reliability requirements and test provisions as stated in
the following dccumentation:

a. The Updated System Specification.

b, Updated and expanded reliability block diagrams and mathematical
models (in relation to updated functional block diagrams).

¢. Requirements allocation sheets.

d. PartI Detail Specifications.

e. Contractor’s reliability program management plan.

f. Contractor's reliability test and demonstration plan.

g. Contractor's proposal for the Acquisition Phase, including reli-

ability engineering techniques and procedures on his statement
of work, and related schedules, costs, incentive features, etc.

|
The results of this evaluation, synthesis, and supplementation of con- |
tractor's results are reflected in the revised PTDP, which now be- - ,
comes the Proposed System Packaging Plan (PSPP). This document

provides the technical input to the Design Requirements Baseline |
governing the system development activities of the Acquisition Phase. ) :
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6. RELIABILITY ENGINEERING MANAGEMENT DURING THE
ACQUISITION PHASE

The purpose of the Acquisition Phase is to accomplish the delivery,
installation and checkout of system elements, and their integration
into an operable system. In effect, the Acquisition Phase is divided
J into two overlapping efforts; development and production, The de-

4 velopment effort is a continuation of the system design activity of the
Definition Phase, and continues through the final developinent and
approval of the Part II Detail Specifications for Contract End Items
(CEl's). This document establishes the technical 1equirements for
the Product Configuration Baseline that governs production. The

; production elfort includes the actual prodﬁction of items on contract,

1 together with the installation, checkout and acceptance testing of all
i such items,

The reliability engineering activities during the Acquisition Phase are
included as a part of the deveiopment contractor's system engineering
and design engineering responsibilities. Therefore, the SPO's re-
liability engineering activities take on a role of monitoring and review-
ing the contractor's reliability design review and reliability test and
evaluation efforts to assure that the design is meeting the specification
requirements.

6.1 Reliability Engineering Support of Design Reviews.

During the Acquisition Phase, the contractor is required to per-

\ form a number of formal system requirements and design reviews
directed toward verification of operations and maintenance equip-
3 ment and facilities design. The particular reviews that are most
y significant in the systemr: development engineering effort, and that
g are of major concern to the reliability engineering activity are

| the Preliminary Design Reviews (PDR), the Critical Design Re-
'.‘ views (CDR), and the First Article Configuration Inspections
(FACI). In general, the responsibkility of the SPO reliability en-
9 gineering activity preceding and during these reviews includes
the following:

- Reviewing previously developed engineering data to identify
reliability engineering items that should be included in the
review.

h - Evaluating contractor prepared review schedules and agenda to .
r’ identify items relating to the reliability engineering program,

: and to verify that all high-risk reliability engineering items,

o as identified in previoua reviews and documentation, are being

E considered.
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- Making recommendations as appropriate concerning the
contractor's assignment of reliability engineering specialists
to the review panel.

- Providing reliability engineering support as necessary when
active participation of the SPO in review meeting is planned.

- Evaluating reliability-related aspects of minutes to review
meetings.

Evaluating all Engineering Change Propousals (ECP's) evolving
from the review to assess the impact on end itern and system
reliability.

- Providing reliability engineering guidance and support to the
SPO in decisions concerning approval of such ECP's.

Specific activities of SPO reliability engineering in association with
specific PDR, CDR and FACI programs are dependent on the re-
quirements of the particular development program and on the specific
activities of the contractor in preparing for and conducting the re-
views. Typical objectives and activities of contractor's reliability
engineering groups in preparing for and supporting these reviews,
are sumraarized in Table IV-5. This summary, and the more de-
tailed discussions in the fellowing paragraphs will provide guidance
in planning the activities of the SPO reliability engineering program
during the Acquisition Phase.

a. Preliminary Review of Reliability Design. The first defined
a. ivity of the SPC systems Engineering following the formal
initiation of the Acquisition Phase is the support and/or par-
ticipation in the Preliminary Design Review (PDR). This for- ‘
mal technical review of the basic design approach for each
CEI is usually performed by the contractor based on review
criteria and agenda approved by the SPO. The responsibility
of the SPO in the PDR can vary {rom active participation in the
review meetings to a monitoring action involving evaluation and
approval of the minutes of the review.

One of the important aspects of the PDR is the evaluation of

the engineering design approach to assure that the CEI reli-
ability will satisfy the reliability requirerents as established

by the updated System Specification and the Part I Detail Speci-
fications. In general, separate design reviews are not justified
for each separate engineering discipline. Instead, reliability
specialists are included on the design review panel and reliability

4-17
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design is evaluated as an integral part of the CEI design.

However, an analytical evaluation of the reliability design

is usually perfcrmed prior to the PDR in order to develop

the necessary inputs to the review. This evaluation will

normally be performed by the contractor., liowever, the

SPO can elect to participate in order to monitor these ac-

tivities, especially when high-risk areas or complex de-

signs arc being evaluated. Typical reliability engineering -
activities performed by the contractor for the purpose of

developing impacts for the PDR include:

- Identificaiicn of reliability design factors that must
be considered in establishing the agenda and schedules
for the P.DR.

- Identification of high-risk areas in relisbility design
that should be emphasized during the review.

- Assessment of the level of CEI reliability being achieved
by the preliminary engineering design. Typically, this
assessment will involve the performance of reliability
predictions based on updated reliability block diagrams
and models and reflecting the latest refinements of de-
sign data. (See Chapter 9).

- Evaluation of reliability test program plans to assure
that the latest revisions in systems and CEI reliability
requirements are reflected in the updated plans for
Category I and Category II test programs.

b, Critical Review of Reliability Design. The next formal activity
that is of direct concern to the SPO reliability engineering
activity is the Critical Design Review (CDR), which is per-
formed at the time the detailed design is essentially complete.
This formal technical review is performed to evaluate the final
design prior to comrmitting the design to production. This in-
cludes a critical evaluation of the Part II Detailed Specification,
which are the "build to' specifications that will subsequently
form the technicalinput to the Product Configuration Baseline
for production.

The reliability engineering input to the CDR follows essentially %
the same general procedures as for the PDR's, but should be ) 1
more critical in that they are the final review prior to pro-

duction. Typical reliability engineering activities that should
be performed in performing this review, and developing inputs

for the CDR are: 3‘;,

+
1
5
5
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- Identification of reliability design factors that should be
considered in establishing the agenda and schedules for
the CDR. This should 2specially include those factors
that had been identified as high-risk or problem areas
during the PDR.

- Identification of critical reliability design factors that
should be given particular attention during production.

- Assessment of the effectiveness of reliability engineering
and related engineering design activities performed duxr-
ing the detail design program. This includes the critical
review of the results of activities such as detailed reli-
ability apportionment analyses, stress analysis reliability
predictions, tolerance and degradation analyses, failure
modes and effects analyses, derating, reliable parts selec-
tion, and low-level redundancy design.

- Assessment of the level of CEI reliability being achieved
by the final design. This assessment should involve the
most detailed reiiability analysis, and, typically, would
include consideration of details of design to the part (or
equivalent) level, and the application of stress-factor reli-
ability prediction techniques using detailed part failure

, rate data, such as are presented in Volume II of this note-

f book. In addition, this assessment should be supported by

an evaluation of the results of any test that may have been

4 periocrmed on breadboard or prototype models that may

) have provided data relating to reliability factors.

c. Reliability Input to First Article Configuration Inspection. A
third reliability engineering review point during the Acquisition
g Phase is the activity necessary to support the First Article
Configuration Inspection (¥ACI). This final formal design re-
view establishes the Product Configuration Baseline and per-
mits the formal acceptance of the Part II Detail Specifications.

In general, the FACI concerns the comparison of the first
'; il article to be produced with the verified requirements of the
- Part II Detail Specification. These '"build to' specifications
do not contain defined reliability requir:ments. Therefore,
a reliability design analysis is not required as a direct input
to the FACI. In a typical system development program, the
final verification of design reliability is performed in support !
of the CDR, and as a part of the Category I and Category II
tests. In approving the design for production, it is assumed

<8
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that the required level of reliability, as verified by the CDR,
will be achieved if the system meets the requirements of the
Part II Detail Specifications,

e

#:
,

2,
Fl
I

k. Even though specific reliability design and testing require-

g ments are not included i the Part II Detail Specifications,

it is usually necessary to evaluate the design to verify the
reliability design in areas that had previously been identified
as high-risk areas and to assure that the required level of
veliability is not being degraded due to differences between
the specifications and the hardware produced, especially
where design changes have been made to facilitate production.

6.2 Reliability Engineering In Support of Test and Evaluation.

Additional reliability engineering activities of the SPO during the
Acquisition Phase include those performed in support of the Cate-
gory I and Category II test programs. The contractor is normally
responsible for planning, implementation, and subsequent follow-up
activities in connection with these test programs. Also, the 5PO
activities concerned with monitoring and controlling the Category I
and Category II test programs are the responsibility of the Deputy
Director for Test and Deployment, and is not one of the defined
engineering activities. However, the development of effective test
programs demands the input of valid test objectives and other factors
3 that are related to the engineering design characteristics of the

i

T

system. Therefore, extensive engineering support is essential in
establishing test objectives and acceptance criteria, defining en-

vironmental and operational test conditions, supporting fest pro-

grams in progress, evaluating test data, and developing effective
[oilow-up recommendations.

The reliability engineering activities associated with the overall
engineering support of the test program are the responsibility of
the contractor. To be effertive, however, these activities must
be fully monitored, coordiaated. evaluated and controlled by the
SPO. Therefore, the SPD reliability engineers rnust support the
Deputy Director for Test and Deployment in areas outlined below.
A detailed discussion of reliability testing is presented in Chapter
10.

a. Verifying reliability test objectives (e.g., desired and limiting E
MTBF requirements) for each CEI to be tested.

R
b b. Determining the validity and practicability of consumer risk
levels established for reliability testing.
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¢. Verifying the effectiveness of reliability test plans in relation {
to sampling, test duration, and acc.pt/reject criieria, i

d. Ewvaluating recommended test conditions, including cnviron-
mental and operational factors.

e. Ewvaluating criteria such as definition of performance param- -
cters to be measured during test, allowable degradation and |
definition of failure. .

f.  Monitoring tests in progress and resolving problems encounter :d '
that would effect the validity of the test. -

g. Reviewing test reports to evaluate test results, identified prob- 4
lem areas, and recommended engineering solutions.

h. Advising the Program Directur on the extent of any identificd -

reliability engineering problems, on the selection of corrective
action approach.

~-J
i

RELIABILITY ENGINEERING MANAGEMENT DURING THE #
OPERATIONAL PHASE

The Operational Phase of the system life cycle begins with the delivery
and acceptance of the first item on contract, and continues until the
final di.sposition of the last item. During this period, the system op- i@
eration becomes the responsibility of the using command or activity, !
and the system engineering responsibility is transitioned from AFSC y
to AFLC. The change of reliability engineering responsibility as con-

tract items are accepted by the using command is discussed in Chapter

3. Therefore, the specific reliability engineering activities as dis- 3
cussed here relate te either AFSC or AFLC engineering as appro- ':i
priate. o

Reliability engineering during the operational phase involves support o
of operational reliability test programs, providing reliability enginecr-
ing input for modifications design and testing programs, and perform-
ing reliability engineering analyses and evaluation of field feedback data.
These activities are summarized in Table IV-6, and are discussed in
more detail in the following paragraphs.

7.1 Review of Category III Test Program Requirements.

This activity is discussed here even though the initial support

activities by the SPO usually begin before the actual start of the
Operational Phase. The Category III tests are performed by using 'J"
command. However, thec SPO and system contractor provide en- A
gineering support in the development of the test program plans and i

4-23 *




Downloaded from http://www.everyspec.com

*s2InNpadoly
1591, 1w awde(aa3d up- mofjod

*suetd pue seinpasoid
1591 A1ITIGRI{a] papuaWwioday

*SUOTIRTJIPCIA JO S1UBW
-a1mnbay uftseg Arqeroy ¢

suere weidoid 1531 UQ- MOTIO]

‘suoneoyjosds pariepdpn -

-
% 'UOnGEDTjIpoWl UO-MOTIo]
Jo 1531 10 SiudUIAIIND

-21 1591 A31TIQRI[3I 3piAcld

‘sJua W
-a1nboy 1591 ATUIqETISY
G- MO0 2uljaqd

‘soinpsooid 1531,
1uswidoraaag uo-morfo]

‘uor1RIUAWINdO]
1UBWBIND0I4 LONEDTJIPON

‘UONED1IPOLL JO SIUBW
-a1mba1 udiseg Lrfiqensy

“farf1geT{oy Walsag uo Jorduwr
$,UOT1B27JTPOUI JO IUSLISSISSY

“[PPON pue
werdelq yoorg AT[IqeTay

_ ‘uoneluswNood
SuurosuiBug poiepdn ¢

‘s;loday 1591 111 A108218n

*SUOTIBD
-11pow o1 nduy Surresurd
~-ua LQ1171qe1[aI 3p1Aoly

*SUOTIBDTITPON
wis1ss vo- morrod doraasg

*$31Npen0ld pu® sueld
weidolyq 159 L 111 K1082180
s puewwod Sutsn o1 induj

*sampasold 1591
111 f10821e9) jo 1eACIddE O3
SATIR[! S1UDLLIUOD 10/pUE
‘01 SUOTSTADI DIPUI LD

.- ~adg 11e12Q 1 Mg parepdn  °

y'= sTseioads weisks patepdn

“syesodold adueyd SurrsaUISUY ¢

*SUOTIBD

*UOT1EIUD WINOCP
Sutzssurfus perepdn .

*s110da1 1591
frmiqeriay 1t pue | f103s1en

-suefd weid
-014 15921 111 1083120 TENITU]

-gunsal 11 K1ofe1en 10]
suegd 1591 KIITIQRI[OY SSISSY

‘suowratnbay wedold
159 111 K30821en matasy

pPosn 2I9UMm

sIndinQp

901nog ereq ndur

asodang

Kitatioy

aseyJ rtevonieasd-s9131a130Yy Sutassutduyg A3I[i1qEIOY

‘9-AI @19EL

b a0z AR SR e S SIS ISR e SRR

4-24

e LA A S E ST H ik




il

WWW.EVEryspec.com

hitp: 7w

/AIPUBE
m

3

Downloaded fro

sEmS.

PR

G

S

RV

-swerdold 1vswdoraaag
SW21s4G 19410 01 ¥IBqpP 32

*stwa1sks
M3U 10] s1usuwialinbay

‘uotiED[jIpo
1U3154S 10J S1UBWUAITNbaY

usiuaas oy Aiaeriay
Teuonierado Jo UOIIBOTJTIOA

*e1g(] TeUONIBIadD
puU® 2OUBLIIUTEN PIaT]

‘uonierado Surmp
Aiqerey woisg a1enteay

stsATPuy
e1BQ NOBAPID PIALI

PosS[ 2I9YM

sanding

901nog ejeq induy

asodang

L3taToy

panuriuon

‘9-AlI 219®L

£

P« T ¥ UVTUIO W N




Downloaded from http://www.everyspec.com '

procedures. Such plans and procedures should be reviewed and

evaluated by reliability engineering to assure adequate provisions
for reliability testing.

The need for and extent of reliability testing during the Category
III test will be determined based on the requirements of the using
command, and the operational requirements imposed on the sys-
tem. Also the results of previous reliability engineering efforts,
and of the reliability testing during the Category I and Category II
test programs should be taken into consideration in developing the
reliability test procedi.'es to be followed by the using cornmand.
Therefore, an important aspect of reliability engineering is the
performance of a critical review of recommended Category III
test procedures with the objectives of assuring an appropriate
and effective reliability test. This review should include:

a. A review of previously identified high-risk areas, design
change recommendations and actions, Category I and Cate-
gory II test reports, and other documentaticn to identify
specific needs for additional reliability testing.

b. A review of the operational policy and objectives of the using
command.,

c. A review of other tests to be performed during Category IlI

testing to identify possible areas for reliability test consoli-
dation.

d. A review of updated specifications, diagrams, and other en-
gineering documentation to identify late crhanges in reliability
requirements.

¢, Consideration of timne and cost constraints imposed on the

Category 1II test programs and, from this, identification of
limitations on reliability testing.

f. Review of instructions for conducting the reliability test, in-

cluding sampling plan, test procedures, and acceptance pro-
cedures.

7.2 Development of Follow-On System Mocifications. i

e

Any follow-on modifications that are developed in response to find-

ings of Category III or subseq:ient operational test programs should

include reliability engineering as a part of the overall modification a %
engineering effort., This should inciude a reliability engineering ot
effort with objectives and activities similar to those of original
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systems engineering program. The extentl of this effort, however,
is dependent on many factors, such as the complexity of the modifi-
cation, and the degree to which the modification effects the system
reliability. '

7.3 Define Follow-On Reliakility Test Requirements.

The effectiveness of follow-on modifications must be verified by
means of follow-on testing of the modified system. Such testing is
similar to Category I or Category II testing with the excepticn that
the scope of testing is reduced to include only those tests neces-
sary tc verify the effectiveness of the modification. In general,
such tests wiil include a minimum reliability testing effort to assure
that system reliability has not been degraded. However, at times
the reliability testing requires the full support of the SPO and con-
tractor reliability engineering groups. Such extensive programs
may be required in the event of modificarions to alleviate a serious
system reliability problem.

7.4 Field Feedback Data Analysis.

The analysis and evaluation of field feedback data is an area of reii-
ability engineering activity that begins with the initial acceptance
and operation of the system, and continues as lcng as there is a
need for field failure and operational data. The charactaristics

of a fielc« data zollection and reporting system, are discussed in
Chapter 7. Such a system provides the basic data input to the con-
tinuing reliability engineering efforts such as:

a., Identification of high failure rate equipment items.
k. Deterrnining operational and environmental causes of failure.

c. Developing requirements for corrective action in the event of
the identification of latent reliability problems.

d. Developing state-of-the-art reliability engineering data appli-
cable to other system development programs.

8. RELIABILITY ENGINEERING ACTIVITIES DURING NON-SYSTEM
PROCUREMENT PROGRAMS

Many of the reliability engineering activities discussed in preceding
paragraphs, and most of the techniques described in subsequent chap-
ters of this notebcok are applicable to individual equipment procurement
programs, even though extensive develocpment effort is not required,
and the defined life cycle phases are not identifiable. Quite often, for

4-27
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example, a ''non-system' program will involve the normal deveiop-
ment and procurement of new equipment items for the operational
inventory. In such cases, it is possible to identify stages of de-
velopment that are similar to the system life cycle phases, although
some system program activities may not be applicable, and others
may be contracted or deleted in the interest of economy and expe-
diency. Other procurement programs are less involved, and the
reliability engineering a “tivities ure appropriately reduced in pro-
pertion to the averall engineering requirements.

In general, non-system procurement programs involve the design,
production and testing of individual equipment items that may or
may not be part of a defined system, In general, such programs
can be classified as either (1) normal procurement, (2) develop-
ment and experimental model procurement, (3) commercial equip-
ment procurement, or (4) low value eguipment procurement. The
reliability engineering activities associated with non-system pro-
curements can vary considerably, not only with respect to these
different classes of procurement, but also with respect to individual
procurement programs within a given cluss. However, certain
basic reliability engineering activities are applicable to any pro-
curement. Table IV -7 lists the more important reliability enginecr-
ing activities normally associated with each general class of non-
system procurement. The chapter references in the right hand col-
umn refer to subsequent chapters of this notebook that contain infor-
mation relating to the particular activities. This list should not be
considered as all-inclusive but can be used as a gjuide in establish-
ing reliability engineering requirements for non-system programs.
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CHAPTER 5

RELIABILITY PROGRAM DATA

1. AIR FORCE SYSTEM DEVELOPMENT DATA REQUIREMENTS

The f ormal met hodology instituted by the Air Force for rnanaging
complex system development programs includes five major areas
of management activity: procurement and production; program
control; configuration control; system eagineering; and fest and
deployment. Effective coordination of all areas of managemen: re-
quires a unif. rm system for controlling the acquisition and distri-
buiion of management, scientific, engineering, and logistics infor-
mation, reports and documentation. Such "data', which are es-
sential to the management of a systom development program, are
managed in accordance with a standardized procedure as required
by AFR 310-1, and implemented by AFSCM/AFLCM310-1.

Air Force Regulation AFR 310-1 establishes official Air Force policy
concerning the identification, justilication, selection, acquisition, and
control of all data relevant to system development.

In response to the requirements of AFR 310-1, AFSC requires details
of system developraent programs to be documented and reported by
means of a strictly controlled series of recurring and non-recurring
reports and other forms of documentation. This data acquisition pro-
gram is managed in accordance with AFSCM/AFLCM310-1, "Manage-
ment of Contractor Data and Reports, ' which prescribes data manage-
ment procedures, and includes the Authorized Data List (Volume II of
AFSCM/AFLCM310-1). This list specifies the content and format of
approximately 340 standardized ''Data Items'' that have been approved
for use on AFSC development contracts. These Data Items have some
application during essentially all phases of the system life cycle, but
are primarily concerned with the definition and acquisition phases when
contractor activities are most significant.

1.1 Reliability Data Requirements in System Development Programs

Many of the Data Items specified in AFSCM/AFLCM 310-1 are in-
tended for the direct ~upport of the reliability program. Other
Data Items, which are intended t{u support other activities of the
system development program, alzo require certain types of re-
liability data that are essential to other aspects of the system de-
velopment program.

The Authorized Data List is universal in scope, and contains data
iterds appli*c,able to a variety of development programs. Therefore,
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a certain degrec of selectivity is essential in establishing re-
liability data requirements for specific system development
progprams. It is, therefore, the intent of this chapter to pro-

vide a guide for the selection of reliability data requirements

for application to a system development program, and for the
management of these data during the conceptual, definition and
acquisition phases of the system life cycle. This includes con-
sideraticn of certain data items not specifically identified in the
"reliability' category, but which require specific reliability data
inputs, or which may otherwise impact on the reliability program.

1.2 Reliability Data Requirements of Non-System Programs

The data management procedures specified in AFSCM/AFLCM 310-1
are based on the requirements of system development programs
that are managed in accordance with AFSCM 375-4. However,
many of the data items in the Authorized Data List are also appli-
cable to the procurement of individual equipment items, experi-
mental or developmental models, commerciai items, or other
types of procurement not warranting a formal system program
approach. For example, a program for the procurement of an
individual equipment, and which involves development and design
engineering and analysis tasks, will require essentially the same
types of reliability data as a system development program, even
though the AFSCM 375 series documents are not imposed. The
extent of the data requirements for non-system programs vill vary
depending on the type of procurement, the amount of engineering
required, and the importance of reliability in relation to the in-
tended use of the equipment. Even the least demanding programs
will require reliability specification and acceptance test require-
ments data to assure the proccurement of appropriately reliable
items.

In most cases the reliability program data can be obtained by
selective application of data items from the Authorized Data l.ist.
However, due to the economic considerations associated with most
non-system procurements, the reliability data requirements should
be limited to those that are essential to the particular program. In
view of this, a brief discussion and guide for the selection and appli-
cation of AFSCM/AFLCM310-1 data items to a variety of non-sys-
tem procurement programs is included in the latter portions of this
chapter.

|
|
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2. RELIABILITY DATA REQUIREMENTS IN AFSCM/AF LCM 310-1

The Authorized Data List (Volume II of AFSCM/AFLCM 310-1) contains
the approved AFSC/AFLC Form 9, or '""Data Items, ' which are authorized
for posgsible use on system development contracts., Each Data Item has
been assigned to one of thirteen functional categories depending on the
most common use of the particular data.

‘;' : The functional categories that are of major interest to reliability pro-
gram management are:

Category C - Configuration Management
Category R - Reliability/Maintainability
Category 5 - System/Subsystem Analysis
i Category T - Test

Other functional categories alsc contain datz items that are indirectly
related to the reliability program. However, any such reliability data
requirements are generally derived from the data included in the four
categories mentioned above. Thereforg{dappropnate management of
these major data items will assuie the Zc¢guisition of essential reliability
: data for use in connectiun with other areas of management.

Category R contains the Reliability/Maintainability Data Items and,
therefore, contains those data items that most directly concern the reli-
ability program. Category R includes fifteen data items. Eight of these
are specifically related to activities of the reliability program, while two
g others, which are more general in nature, concern both the reliability and
maintainability program. The relationship of these data itemns to the reli-
ability program is apparent.

The remaiuning four Category R data items. which are specifically addressed
to the activities of the maintainability program, also contain requirements
that directly or indirectly impact on the reliability program. For example,
certain reliability data are essential in developing inputs to the maintainab-
ility data items. Therefore, in selecting reliability data items for applica-
tion to a particular contract, consideration should also be given to the data
requirements of the maintainability program.

_ The specific reliability data requirements of data items list in Functional

z Categories C, R, Sand T are summarized in Table V-1. This table ident-

ities specific data items by number and title, and briefly summarizes the

Q reliability data requirements of each. Unless otherwise indicated, the
references in the right-hand column refer to specilic paragraphs of the data

" item under consideration,
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RELIABILITY DATA REQUIREMENTS CITED IN CONTRACTS
DURING THE SYSTEM LIFE CYCLE

The reliability data requirements as specified in AFSCM/AFLCM310-1
are used as required throughout the Definition and Acquisition phase of
system development and during equivalent stages of non-system develop-
ment (see Chapters 3 and 4).

Certain reliability data are also obtained during the Development and
Transition stages of the Conceptual phase Lefore the SPO is established.
Sonmie of these data can be obtained via standardized data items. How-
ever, most of the reliability data gererated during the Conceptual phase
are applied to the development of the PTDP, and are developed by Air
Force rather than contractor activities.

Additional reliability data are obtained during the Operational phase of
the system life cycle. However, most of these data are in the form of
empirical operational and failure data, and are obtained via the Air
Force Maintenance Data Collection System as discussed in Chapter 7,

Reliability data requirements commonly encountered during the Con-
ceptual, Definition, and Acquisition phases, and which are obtained

via the standardized Data Items of AFSCM/AFLCM310-1, are sum-
marized by phase in Table V-2. Additional reliability program data
generated during the Conceptual phase are reviewed in Paragraph 4

of this chapter.

AIR FORCE - GENERATED RELIABILITY DATA

In general, reliability data acquired from contractors during the system
life cycle will be limited to the type indicated in Paragraph 3. However,
before tl.ese data can be developed, certain reliability data must be gen-
erated by the Air Force. Such data are typically develuoped during the
conceptual phase in preparing for Transition to the Definition Phase
activities, and during Phase A of the Definition Phase. Thereafter,
reliability data development will become the responsibilily of the con-
tractor.

Based on knowledge gained from the early development and system study
activities of the conceptual phase, Headquarters USAF issues the SOR/
OSR/ADO documents which establish fundamental system requirements.
These documents provide the basis for the subsequent development of
more detailed reliability data. Typical infermation from which subsequent
reliability data are developed include:
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Basic system functional structure and time relationships.
Basic reliability and maintainability allocaticns.

Reliability block diagrams.

Yol
rom http://www.everyspec.com FHER TR

Estimates of allowable in-commission rates, downtime allocations,
manpower, and available maintenance resources.

Reliability-Related Input to the PTDP

In response to the SOR/OSR/ADO, the Air Force project manage-

ment develops the Preliminary Technical Development Plan (PTDP),

which defines the technical portion of the Program Requirements
Bascline governing the activities of the Definiticn Phase. The re-
liability data, and supporting information included in the PTDP will
provide the reliability requirements for the initial system specifi-

cation.

Therefore, in the development of the PTDP, the Air Force

should assure that the following types of information and data are
included:

(1)

(2)

Planned system functional description, including:

Functional diagrams

Engineering descriptions of the functions
Established system design requirements
Gross solutions to these requirements
Predicted equipment configuration

Trade-offs considered and areas requiring further

exploration (high risk technical, cost, or schedule
areas)

Preliminary operation plans, including;

Mission duration requirement for each type of mission
Reaction time, availability, and ready rates required

Planned utilization rates of system elements

5-18
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(3) Plans for a reliability program outlining how reliability »
4 requirements will be achieved, providing for: i 3
g. - Overall mission reliability for each type of mission ' !
i .
i . s ul
; - Reliability after storage goals; other measures as I bt
required | by

- Reliability apportionment, prediction, and modeting I }'ﬁ'

- Determination of equipment environmental conditions 4

- Periodic specification review {when, how often, etc.) {

= Reliability participation in System Engineering Design v

Reviews '

- Coordination with human error analysis and prediction

- Reliability tests, demonstration, and resoluticn of problem

areas 1
k|

- Malfunction and failure reporting 2nd analysis
- Planned products, milestones, and schedules

4, 2 Reliability Input for the Initial General Specification E

The most significant reliability data to be developed by the GPO .?‘

during Phase A of the Definition Phase is the rcliability require- 3

ment and corresponding recliability assurance provisions for the

initial System Perfcrmance/Design Requirements General Specifi- ;

cation. This specification is developed following Exhibit I of ,

AFSCM375-1, (Subsequent generations of the General Specification
will be developed by the contractor in accordance with Data Item

C-1-35.1-1 of AFSCM/AFSLM 310-1, as discussed in Paragraph 3.)
The system reliability data included in the General Specification
includes: &
(1) System reliability requirements stated in quantitative terms (

(2) Conditions under which requirements are to be met

(3) Reliability apportionment model (when apprcpriate) allocating

reliability to system segments ;
1

o
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Reliability testing requirements at various levels of system
assembly

(5) Reliability test data recording requirements as applicable
s during Category I and II testing.

5. RELIABILITY DATA REQUIREMENTS FOR NON-SYSTEM PROGRA /S

The reliability data requirements, as discussed in preceding paragrapbhs,
‘ are based on specific Data Items listed in AFSCM/AFLCM310-1, and on
ﬁ certain configuration management requirements of AFSCM 375-1. These
documents are based on large system acguisition programs wherein specific
life cycle phases can be defined. Quite often, the data requirements of
non-system programs are similar to those of a system program, even

i though specific program phases may not ve defined. However, the degree
of detail and complexity of data requirements applicable to large systems
; is no. always necessary in many small scale programs. For example,

i procurement of individuil "off-the-shelf' equipments, and other such
equipment items, may nSt warrant a full-scale data management pro-
gram. This is true of reliatility data as well as other categories of data

normally obtained during system developnent.
5.1 Typical Non-System Reliability Data Requirements

£ Even though extensive reliapility data are not always required on
such prograrns, there is still a need for a minimum amount of data
to specify a »eliability requirement, and to assure that appropriately
reliable items are being procurred. Typical reliability data regnire-
ments tor several categories of non-system procurements are des-
B cribed below,

a. Normal Procurements. Service Testi, Preproduction and Develop-
ment Modeis, and individual equipments procurred for operational

| use.

74 (1) Mean Time Between Failures (MTBF), requirements and
failure definition

’ (2) Useful Life Requirements
. (3) Test Requirements - Reliability Demonstration

- Definition of test plan and test level and applicable
& MIL Specification

- Justification for chosen test plan and *est level

Test time and definition of allowable failures and
level of confidence

5-20
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(4) Production reliability test plan {where applicabic)

b, Advanced Development and Experimental Models not Procurred
for Operational Use.

gyt i
etk = ¥

(1) Functional diagrams

Fond

{2) Parts count

o

(3) Description of stress analysis

(4) Description of modeling tools

{5) Computed relizbility paramecters

(6) Reliability dem .nstration requirements

¢. Commercial "Off-the-Shelf'" Equipment.

(1} Mean time Letween failure requirements, and failure
definition

(2) Reliability assessment report

(3) Historical reliability data

d. Low Value Items for Non-Critical Use.

(1) MTBF requirements and failure definition

SRR T

(2) Reliability demonstration requirements:
Y q

et

- Test Plan

- Test Time

T D

?
- Maximum ailowable failures 3

5.2 AFSCM/AFLCM 310-1 Data Items Applicable to Non-System Procure-
ments 3

Many of the data items identified and described in Paragraph 2 of this
chapter are applicable for acquiring reliability data for many non-
system procurement programs. In general, the particular data items
used must be selected according to the particular requirements of

the program under consideration. In muct cases, however, the

NS T
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reliability data requirements will be satisfied by selecting data
items as indicated in Table V-3. In any case, the specific data
items selected should be reviewed and revised where necessary !
to assure that all essential data are being obtained, and to delete

any unnecessary data requirements,

e

.,
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Table V-3 Data Items Applicable to Non-System Procurement Programs
Data Item B osuycmenti C ol oy (Sl b aviaj nalphn bl T
Number Normal Devel(?pment C‘ommercza.l Low

Procurement Experimental “Off-Sholf! value
R-101 /
R-1G2 /
R-103 /o /s
R-104 / Y, /
R-105 )/
R-106 o / )
R-107 /
R-108 T
R-109 J ®
R-110 /
R-111 /
R-112 / y
R-113 /
R-114 y
R-115 /

-

* Applicable only in procurement of large, complex equipment items,

5-23/5-24
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CHAPTER 6

ASSURING RELIABILITY PROGRAM EFFECTIVENESS

1. INTRODUCTION

Reliability requirements have become a major element in planning,
developing, designing, engineering, producing and purchasing military
cequipments and systems. As with other performance characteristics,
such as range and power output, for which requirements are established,
it is important to recognize those efforts and activities which must be
undertaken before the final product is tested and delivered in order to
have scme assurance that performance objectives will be met. For in-
stance, before hardware is fabricated it is normal to spend time and
effort (often considerable time and effort) in the ""paper design' stage,
during which extensive calculations are made to ""show' that the design
(which includes many factors, such as components, structural relation-
ships, and expected values) will meet required performance objectives.
Stages which follow the paper design are usually undertaken only after
there is some assurance (either through calcuvlations, review, com-
parisons, simulation or some combination of all of these) that the de-
sign will meet required performance cobjectives. FEach progressive
stage through complete fabrication is undertaken only after results
have been developed which provide a reasonable degree of assurance
that the outcome will be successful. Finally the prcduct (i.e., com-
ponent, equipment, or system) will be produced and delivered only
after tests show that objectives or reguirements for performance
characteristics will be met.

This same general pattern of programmed or planned activities such as
review through test is also appropriate for providing assurance that the
final product will be delivered with the required reliability. That is,

it is approrpriate to think in terms of a re.iability program as a means

of ensuring that reliability requirements 'objectives will be met. The
purpose of the reliability program would be to: (1) plan for the appro-
priate reliability oriented activities, including establishing recliability
requirernents; (2) ensure that these activiiies are being carried out;

(3) monitor and evaluate results; (4) ensure that there are sufficient con-
trols to prevent implementing succeeding stages without having successfully
completed preceding stages; and (5) ensure that meaningful criteria have
been established and are being used as the basis for decisions concerning
acceptability or non-acceptability of results.

OISR [RPRPI UM NDE TS AP TSI W SRty SO
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RELIABILITY PROGRAM RESPONSIBILITIES

In general, the assurance of meeting reliability requirements and assuring
reliability program effectiveness is a responsibility which must be under-
taken by the System Project Office (SPO) and the hardware contractor.

Contractor responsibility is oriented toward responding to the quantitative
reliability requirements and providing the organization and functional re-
sources and control which will provide the assurance that the reliability
program will be effective and that reliability objectives will be met.

From the System Project Officc (SPO) or program manager point of view,
there are three areas of general concern. First, there is the concern over
the reliability requirements as a performance characteristic. That is, the
SPO or project manager responsibility includes the requirement to know
what is desired in the way of reliability requirements and to express these
in a meaningful way to hardware contractors. Second, there is concern
over what constitutes an effective reliability program consistent with
established quantitative requirements as a performance characteristic.
That is, what are the elements of a sound reliability prcgram, including
contractor organizational structure and levels of responsibility. Third,
there is concern over the methods or techniques which should be used to
assure the effectiveness of a reliability program. That is, what are the
criteria for acceptance and what are the means for conducring effective
monitoring and evaluation of performance.

Major elements impacting on reliability program effectiveness can be
described as falling into five areas: (1) reliability specification; {2) planned
reliability activities, such as design review and testing; (3) evaluation of
reliability plans and organizational structure; (4) preparation of criteria

to be used as a basis for conducting evaluation; and (5) establishing com-
munication links to ensure rapid response both to problem areas and to
acceptable results.

Air Force docurnents provide the SPO and project managers with the
means for imposing general reliability program requirements and acquir-
ing appropriate information from the contractor. In particular, AFSCM/
AFLCM 310-1 provides the basis for imposing reliability program and
documentation requirements and the AFSCM 375 series provides useful
information concerning definitions and general guidelines. The purpose
of this chapter is to provide an overview of the information contained in
these documents and to provide information which would lead to more

efiective utilization of means for assuring reliability program etfective-
ness.

6-2
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SPECIFYING RELIABILITY REQUIREMENTS

Specifying reliability requirements is one of the key SPO responsibilities
and probably one of the firsi elements which should be considered in
establishing the need for a reliability program. Reliability requirements
generally consist of two distinct segments. First there is the segment of
the reliability requirement which is performance oriented. It is extremely
important that this segment of the reliability requirement be expressed
quantitatively in a manner (i.e., using the reliability definition, measure,
or unit) which is consistent with mission or tactical objectives. Second,
there is the segment of the reliability requirement which is activity, data,
test, or '"program' oriented. This segment of the requirement also must
be quantitative where possible (the test requirement, for example) and it
must impose only those activities and data deliverables which are con-
sistent with the type hardware program and the quantitative reliability re-
quirements.

From AFSCM 375-3, (15 June 1964 issue, paragraph 33, page 44) reli-
ability is defined as the probability that a system will perform its desig-
nated mission for the specified length of time in the operational environ-
ment. The resultant reliability in its broadest sense is a measure of how
well everyone has done his job. It is the result of many interplaying fac-
tors, many of which are engineering rssponsibilities (see AFSCR 80-1).
This is a standard definition; however, there are other measures of reli-
ability such as Mean Time Between Failure (MTBF'), Failure Rate, and
Mean Time Before Maintenance (MTBM). These latter reliability mea-
sures are often more directly useable as design criterion and therefore
the application of these measures is often the basis for communication
between engineers. In any event, the SPO or project manager has the
respomnsibilily for ensuring that the reliability requirement is expressed
in quantitative terms. Policy concerning quantitative reliability require-
ments is established in AFR 80-5 and AFSCR 80-1. Quantitative rec.i-
ability requirements provide performance parameters which must be
specified, designed to, and measured. This quantification process is
basic te achieving the reliability desired in modern systems.

In addition, the SPO or project manager has the responsibility for im-
posing reliability program requirements and test requirements. MIL-R-
27542 (Reliability Program for Systems, Subsystems, and Equipment)
establishes requirements for a con..:ichensive reliability program. This
specification is suitable as a contractual call-out for full compliance.
However, if che peculiarities of a program indicate that deviations would
be in the best interests of the Air Force, such deviations should be care-
fully defined and negotiated with the contractor prior to entering into an
Acquisition Phase contract. MIL-R-27542 elaberates on various elements
of a reliability program such as reliability requirements, reliability
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apportionment, reliability estiinates, design reviews, failure data col-
lection, analysis, corrective action, and reliability demonstrations on
or before specified program milestones.

In establishing t: st requirements, for example, experience has shown
that for systems with very high reliability requirements, a production
reliability testing program is essential, Such a program normally pro-
vides random selection of production-run equipment for specific reli-
ability testing. In some cases complete testing may be justified, but
generally equipment will be tested for critical weakness, electromag-
netic interference cffects, margins of safety, and reliability data.

As mentioned above, recliability requirements and particularly reliability
performance requirements should be quantitatively expressed whenever
possible and the unit of measure used should be consistent with intended
use and operational/tactical objectives. For instance, the units such as
"probability of surwvival for a given mission timie'" may not be appropriate
for 2 communications system which is expected to operate continuously.
In the case of a communications system the probability that a given num-
ber of channels is ""up'' at any one time or a mean time between failure -
(in hours) for each channel may be more meaningful, In addition a reli-
ability requirement for meeting a given probability of mission completion

should include confidence bounds in order to provide a basis for a meaning-

ful evaluation. A reliability requirement in the form of a probability of
mission completion with appropriate confidence bounds is more meaningful
and results in a more complete reliability statement based on test or
demonstration data. It should be noted, however, that before<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>